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Volume I, Part 4- 

THE PERMIAN FOSSILS OF THE PRODUCTUS SHALES 
OF KUMAON AND GURHWAL. 

BY 

D. CARL DIENER, Ph. D. 

WITH PLATES I— IV. 
INTRODUCTION. 

The name Productus shales has boon assigned by Mr. C. L. Griesbaeh 1 to the 
dark, friable shales, which in the Niti area are intimately connected with the lowest 
triassio deposits, the Otoceras beds, but contain a palaeozoic fauna "chiefly 
Prvducti of latest carboniferous or pormian type." 

The sections, where this horizon has been most carefully Btudiod, and is richest 
in fossils, are those between Kiunglung encamping ground at the head waters of the 
Dhauli Ganga and the Niti Pass (16,628 feet). 

On the southern slope of the Niti Pass a normal sequence of carboniferous beds 
is exposed at the base of the Productus shales. The upper division of the carboni- 
ferous system is formed by a white quartzite of about 350 feet in thickness. The 
boundary between this dazzling white quartzite and the black, often carbonaceous 
Productus shales is one of the most important landmarks in the structure of the 
Central Himalayas. In some other places of the Niti area, however, the carboniferous 
strata have suffered a certain amount of denudation before the Productus shales 
were deposited. It has been stated by Griesbaeh that the upper boundary of the 
white quartzite often exhibits a rugged and denuded surface and that it is oven com- 
pletely wanting near Fatalpani, where the Productus shales rest unconformably on 
the lower divisions of the carboniferous system. 1 

While the Productus shales are sharply and abruptly defined at their base, 
partially overlapping, as is supposed by Mr. Griesbaeh, an eroded surface of upper 
carboniferous, they pass quite gradually into the lower trias without the slightest 
trace of unconformity. 

> 0. L. Oriwiaa,— Qcclogj ol tbt Cratnl HimiUjM. Mm. deoL Suit, of India, Vol XXIII, Ml, p. 66. 
• !.«. p. IH-117. 
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The lithological character of tho Productus shales is described by Griesbach (1. c. 
p. 66) as follows : — 

** Generally resting on tho white quart Kite of the upper carboniferous it sharply 
contrasts with tho lattor ; consist* of very dark, occasionally micaceous shales, 
exceedingly friable and crumbling into an earthy dark mass. The shales may 
be said to bo earthy here and there, with coaly traces— carbonized vegetable matter. 
A few irregular partings of hard ferruginous sandstone divide the thickness of the 
shales, an occasional string of nodular clay iron ore is found in place of such sand- 
stone partings. In lithological character these shales differ so little from tho next 
higher horizon, that it is easy to mistake one for the other. The higher Otocerat 
beds are, however, less earthy and not micaceous. Throughout the horizon fossils are 
found — chiefly Products of latest carboniferous or permian type. The best preserved 
specimens are contained in the grey sandstone partings which are often crowded with 
Products 

Nearly all the fossils of this horizon, which have been collected by Mr. C. L. 
Griesbach in the Niti area, are marked on his labels as coming from tho southern 
slope of the Niti Pass, between this lattor and Kiunglung encamping ground. These 
fossils, chiefly brachiopods, are enclosed in a dark, grey micaceous sandstone tho 
weathered portions of which ofton exhibit a bright red or yellow colour. Some rock- 
specimens are true lumaohellse, made up entirely of the caste of Chonetes Viihnu 
Splrigerella Derbyi, Athyrit Royssii or Product** caneriniformu. Most of the 
Productida are, unfortunately, rather poorly preserved. They are only casts, 
portions of the shell having been very rarely preserved, nor havo I been able to 
study their internal structure, except in two cases (Productus Purdoni and Pro- 
ductut gangeticut). 

From this locality I have to mention the following species' 

Product™ gangtiicut. nov. Bp., c. 

„ Purdoni, Dav., ». 

„ ef. Caueriui, Vera., vt, 

„ ef. terialU, Waagen, v*. 

„ cancriniformii, Tachera., to. 
C&oueUi ri$inu, Salt., vo. 
Spinfer mntakitylcntii, Dav., c. 

ip. a/, faieigtro, Keys., vs. 

„ uititntit, n. »p., «. 
lUttma, a. ap., vg. 

„ if. iud. 
ilarttnia glabra, Matt, ap., n. 
AthyrU lioytiii, Lev. ap,, vc. 
Spirigertlla Dtrbyi, Waag., vc. 
Ditlama, ap., ind. 
AvieuloptcUu kitmali*, Salt, c 

The next locality (in south-eastern direction), from which fossils of this horfcon 
have boon mentioned, is the Chorhoti Pass (leading from Niti to Rimkin Paiar 

• Tli* agnt »pp)ied in thw aad lie following lifb at» ai follow* >— VI = tw? rata ; » as i»t» ; c at ccmau) n, 
vc as T«ry common. ' 
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encamping ground). The fossils, which were collected by Genoral R. Strachoy and 
afterwards described by J. W. Salter 1 as carboniferous, were found in loose blocks, 
in a locality filled with Silurian slate. General Strachoy, however, stated tbat 
the whole series of rocks was traversed by great faults, some of which may prob- 
ably have brought down thoso younger strata from a higher level. The species 
described by Salter, wero collected from a blackish, arenaceous limestone. As 
they are the only ones in the Niti area, to which this author attributed a carboni- 
ferous age, it seems worth mentioning, that no truo carboniferous deposits have been 
made known by Strachey. 

J. W. 8alter gives the following list (p. 52) of spooioB from this locality ; — 

1. Produetu$ Purdoni, Dav. PI. V, fig. 10. 

2. P. Fltmngi, Sow. ? (or P. earbonariut da Kon.) PL V, fig. 11. 
8. Ctontle* VUhnm, Salter. 

4. AtkyrU Jtejttii, Lev. (only a email variety bat pretty plentiful bere) 

PL V, fig. 18. 

5. OriiU, up. 

6. Avieubfitcteu kiemali*, Salter. PI. V, fig. 14. 

As only the two new species have been fully described by Salter, while the 
rest have been only figured in a rather insufficient manner, it is not easy to 
identify them with my material. 

There can be but little doubt about Athgrit Rot/mi, whioh is most probably 
present among the fossils of the Prod actus shales from tho Chorhoti. What has been 
figured by Salter as Prodtwtut Purdoni, is a fragment of the dorsal valve of either 
Productut gangeticut or of P. terialu, Waag., but has, I believe, nothing to do 
with Davidson's species, Salter's Productut Fleming* or P. oarbonariut can 
scarcely be identical with P. cancriniformit, Tschem., although it is apparently 
provided with a similar sculpture. The shape of the apical region however recalls 
that of a Ohonetet. In this respect tho figure (PI. V. fig. 11) is entirely mis- 
leading, as it represents a brachiopod with a distinct area, but not a species of 
the genus Product u». I ani consequently unable to identify this species with any 
in the Himalayan collection. 

The Orthia (?) may perhaps have to be considered as the dorsal valve of Chonetet 
Vishnu, which seems to have remained unknown to Salter and may, especially in 
incomplete fragments, be easily mistaken for an Orthia. 

Nevertheless the character of this fauna leaves no doubt as to its derivation 
from the permian Productus Bhalos of Painkhanda. 

On the southern slopes of the Shalshal Cliff near Rimkin Paiar encamping 
ground and of the Bambanag range in the Girthi valley I had myself an oppor- 
tunity of studying the lithological and stratigraphical features of the Productus 
shales. I found them— in perfect accordance with Griesbach's description- 
developed as shining black, splintery shales, showing considerable resemblance to 

1 J. W. Salter aad R. F. Blanfor d,— PJ«mtology of NiU in the Kortbara Hiroflay* : ton* de»*ti?Uana »uj 
ftgamof tb. palKOMie and Moondary tomiU, ooUooUd by Culorol Biohard attach./. Calcutta, 1865, p. Ml 
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the well known Spiti shales. Like the latter they contain many concretions, 
which, however, are always devoid of fossils. In the sections examined hy myself the 
Productus Bhales proved to be entirely unf ossiferous. There is indeed no fossil 
from any locality between the Niti Pass and Lissar valloy represented in the 
Himalayan collection. 

In the valleys of the Lissar Gangs and Dharma Ganga the Productus shales are 
quoted hy C. L. Griesbaoh (loc. eit. p. 172—178) ia many of his sections. Thoy are 
hero rathor thicker than in the Painkhinda sections, especially in the section 
described on page 175, where the Productus shales are both strongly developed 
and rich in fossils. Part of this section runs as follows : — 



Lvvet triat 



Proiiuttm 
tiaUt 
(Total thickness 
about 185 feet). 



f Dark limestone in thin beds, with dark shales alternating ; fossils of 
I the Otoctra* stage. 
•'. Black crumbling shales, with ferruginous coneretions in irre- 
gular partings, thickness 85 feet. 
k. Micaceous and calcareoas sandstone with fueoid marking* ; with 

shaly partings and irregular thickness about 2 feet 
g. Micaceous dark shales, which weather in bright colours with 
ferruginous concretions. 5 hales show fuetid markings. Thick- 
ness 7 feet. 

( /. Same as i. With brachiopoit. Thickness 3 feet. 
e. Sams as f. Thickness 51 feet. 

d. Dark limestone with indistinct phut remains, thickness 8 
inches. 

c. Dark micaceous shales with fucoid impressions. Thickness 46 
feet. 

i. Argillaceous limestone in thicker beds, thickness 8 feet, 
a. Earthy shaks with fucoid impressions. Thickness 3 feet. 
Upper t*rhoni/tro*t WWU quartrite series. 

Bod/ is very rich in brachiopods. To judge from the rock specimens in the 
Himalayan collection it must be a true lumachella, resembling most closely similar 
lumachella? in the sandstone partings of the Productus shales near Kiunglung 
encamping ground, as above described. But the association of species is somewhat 
different, as bed / is made up almost entirely of the casts of Cho»ete» liisorewn*. 

The list of species represented in the Productus shales of the Lissar valley is 
very small in comparison with the enormous number of individuals. I have to 
mention the following species only :— 

Ckonetet liitareutit, nov. sp 
Spiri/er Havana, nov. sp. 

„ m««tkkefU»li», Day. 

„ jeiarentii, nov. sp. 
Aliyrii Rojttii, Lev. 
JWnrfM, «p ind\. 

It is rather remarkable, that not a single specimen of Products concrini/«rmi$ 
or Spirigerella Derbyi has boon collected in the Productus shales of the Lissar 
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valley, whereas these two speoies are exceedingly common in the same beds of the 
Niti area. 

From the Mankshang pass at the head of the Kuti Yangti valley one single 
fossil of this horizon only is present in Oriesbaoh's collection. It is the Orthocera$ 
figured on PI. V of this memoir. 

That equivalents of the Productus shales are equally present in Spiti, has been 
proved by Griosbaoh with full certainty. Here they form part of Stoliczka'a Ruling 
shales, but, as has been justly remarked by Griesbaoh, beds of a very different age 
have boon united by Stolioska as Kuling Shales, to which horizon this author has as- 
signed a carboniferous age. 1 Somo of the more instructive sections through tho 
carboniferous and pormian deposits of Spiti hare been more fully described by C. L. 
Griesbaoh in his monograph on the Central Himalayas (p. 215 — 223). The divisions 
of tho two systems in Spiti are the following (according to Griesbaoh's table) :— 

9. Blaok Produeixu (Ruling) Shales. 

8m. Dark flaggy limestone. 

8. White qoartzite series (Muth Qnartzite). 

7a. Red crinoid Limestone. 

7. Earthy dark-grey limestone. 

The flaggy limestone 8a. is wanting in all the eastern sections. It confor- 
mably overlies the white quartzite of an upper carboniferous age in flaggy beds 
of a total thickness of about 70 feet. According to Griesbaoh (1. c. p. 216) it " has 
yielded numerous fossils, though few in specios. Amongst them are several Pro- 
dueti, Athyrii Royuii and Coralt. Its evident connection with the white quartaite 
(8) and fossils define its upper carboniferous ago." 

The Productus shales, which in the Spiti sections seem to rest conformably on 
the carboniferous bods, are described by Griesbaoh (1. o. p. 218) as " 150 to 200 feet 
in thickness, mostly densely blaok, crumbling and soft, divided by strings of form- 
ginouB concretions and layers of splintery shales. Occasionally an irregular bod of 
dark grey to olive oolourod sandstone, weathering dark brown, divides the formation 
and is generally full of fossils, chiefly Product*. The shales also yielded many 
specimens of Produeti and a few other brachiopods." 

I have intentionally quoted Griesbaoh's description in full detail, because it is 
very important, proving the existence of two neighbouring fossiliferous horizons, one 
of which is supposed to be of upper carboniferous age, whereas the other must be an 
equivalent of the permian Productus shales of Gurhwal and Kumaon. Unfortu- 
nately the fossils from these two horizons seem not to have been kept separate in the 
Himalayan collection. Griesbaoh's collection from the localities of Muth, Khar and 
Ruling in Spiti contains the following species only 

AftTfinifara af. ffpie*, Waag. 
Spiriftr raj all, 8altcr. 

„ mmaHejrlt*rit, D*v. 

> V SoJ.etis : •• Geological tertwns mkm* tie HiimlajaB Mouateini from Wangtii Bridge <m He Star Butlei 
to Bwgio on ti. IaiUi.- M«a. GecL Sort, of Iodia, V. Pt. |. CdtutU, 1866, p. U. 
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Among them Margtni/ero off. typica is by far the most common fossil. A- 
very large number of specimens is present in Griosbach's collection as well 
as in the collections of Drs. Gerard and Stoliozka. It is the samo spocias, which 
the latter author has identified with Froduclut temiretUsulaiut Mart, and with P. 
longispinu$, 8ow.' and it is probably likewise idontioal with Lydckkor's Productus 
tetniretieulatu* from the Kuling series of the Kashmir Valley.* Noither this species 
nor Spirifer rajah is as yet known from the Productus shales of Gurbwal and 
Kumaon of truly permian age. The third species, Spirifer nmsakheyleniit, Dav., 
is an ubiquitous species in the Indian region, ranging in the Productus limestone of 
the Salt Range from the lowest to the topmost bod. Those fossils therefore do not afford 
any clue as to tho ago of the strata, from which they hare been derived. Nor can any 
conclusion be drawn from the labels attached to them, which simply mark their 
horizon as " Upper carboniferous." 

The matter bocomes still moro complicated by an inspoction of the large bulk 
of fossils, which havo been collected by different observers in the so-called carboni- 
ferous deposits of Kashmir. There can be little doubt that equivalents of the true 
Productus shales of Gurhwal and Kumaon must likewise be present One of the 
most typical fossils of the permian strata of the Salt Range, Productus Abichi, 
Waagen, has been figured by Lydekker,* (identified by him with P. Humboldti, 
d'Orb.), and is quoted by this author as having been collected in the Kuling series 
of the Kashmir valley. It is, however, absolutely impossible to state, which portion of 
the so-called carboniferous beds of Spiti and Kashmir actually corresponds to the 
Productus shales. I have tried in vain to establish a division of the fossil materials 
contained in the Himalayan collection with regard to stratigraphical horizons. I 
entirely failed to succeed, because a very large percentage of the predominating 
brachiopods are common to the permian and carboniferous rocks. 

Consequently, I at last resolved to describe the fossils of the Productus shales 
in Gurhwal and Kumaon quite separately. This seemed to me the only way to avoid 
confusion. In Gurhwal and in Kumaon the Productus shales area well established 
horizon with a distinct fauna. In other parts also of the Himalayas, however, this 
horizon is, it is true, certainly present, but the geological reconnaissances have not 
been carried out carefully and thoroughly enough up to now, to allow a special desorip. 
tion of its fauna. It is therefore impossible for the moment, as I at first desired, to 
unite the description of all the permian fossils of tho Himalayas in one part of this 
volume, as in the collections from Kashmir and Spiti the earlxmiferous and permian 
faunas cannot bo separated with precision. On the other hand it would havo been a pity 
not to devote a special description to the permian fauna of the eastern portion of the 
Central Himalayas, where this fauna is imbedded in a horizon with a distinctly fixed 
stratigraphical character. The treating of fossils, belonging probably to the same 
horizon, in different parts of this volume may be felt as inconvenient, but it was, 1 
believe, the only way to remain on safe ground. 

> rf.8tofiri*ff,l.«.p>». * 
' Jfc LyUkkr, - Tb. Gwlogyof U>. Kuhair ud CMmU Territory, tod U» Briti.h dUtriet of KU0S." Mcto. 
GeoL Burr, of I»dU. XXII., Coteutt., 1863, PL II, Iff. 2. 
• Ai/***«r,L*PI.II,gg.I. 
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In finishing the introduction to this memoir it is my duty to express my sincere 
thanks to all those, who hare contributed more or less materially to its completion. 

Among them I have to offer my most sincere gratitude to Professor W. Waagen, 
whose amiable advice aided me in many ways, and has been of no small influence 
on the contents of this memoir. 

Great thanks I owe to Dr. Theodor Puchs, Director of the Geological Depart- 
ment of the Imperial Museum of Natural History in Vienna, who kindly furnished 
me with all the materials from tne permocarboniferous rocks of Spitzborgen in tho 
possession of his department, for comparison and description. He thus enabled me 
to study a considerable number of Toula's typo specimens from Payer's, Hofer's 
and Draschc's collections. The presence of Himalayan species (Spirifer tnutakhey- 
lentti) in Spitzbcrgen, or their close relationship to Spitzborgen forms (Produettn 
Payeri) would otherwise have remained unknown. 

To Professor E. 8uoss I am indobted for the unlimited loan and use of speci- 
mens, contained in tho university's Geological Museum, to Professor Th. Tsoherny 
schew of St. Petersburg for his kind assistance in determining some of my Himalayan 
specimens of Froduetut. 

My most sincere thanks are due to the Director of the Geological Surrey of 
India, who with this as with my foregoing memoirs undertook the unpleasant task 
of reading the proofs. 
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DESCRIPTION OF FOSSILS. 

MOLLTJSCA. 

Class : CEPHALOPODA. 

Order: NATJTILOIDEA 

Family: OB THOCERA TIDJS. 

Genus : ORTHOCERAS, Breynius. 
Orthookras sr. ikd. PL V., fig. 12. 



The single, rather poorly prosorvod, specimen of Orthoceraa in the Himalayan 
collection of Froductus shales fossils belongs to tbo section of the Orlhocerata 
striata. 

The distance of two septa is exactly half the diameter of the lower septum. 
The specimen has been so considerably deformed, that I cannot make out the exact 
shape of its transverso section, I believe it however to be circular, not elliptical. 
The central position of the siphunolo, as indicated in the drawing, is equally doubt- 
ful. The body chamber is portly preserved. The angle of emergence seems to be 
remarkably small. I estimate it to bo about 4 degrees only. 

The fragments of the shell are covered with numerous delicate stria? without 
any distinct imbrication. About ten striae are counted on the surface of the lowest 
chamber (diameter about 14 millimeters), corresponding to a distance between the 
two septa of 5 ram. 

Among the carboniferous species of the genus Orthoceraa described by L. do 
Koninck, there is not a single one which might advantageously be compared with 
the present specimen. Although, in general, the latter rather recalls the triassio 
species of Orthooeroa, its state of preservation is too bad, to fix any of its affinities 
in a more positive way, as neither the outlines of its transverse section nor the 
position of its siphuncle are exactly known. 



Locality, number of specimen* examined. — Monksbang Pass, Kuti Yangti 
valley, Byans, 1. 
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Class: LAMELLIBRANCHIATA. 
Order : ANISOMTAEIA, Neumayr. 
Family : PECTINIDjE, Lam. 

Genua: AVICULOPECTEN, M'Coy. 
Avicclopbctek HIZHAU8, 8alter. PL V, fig. 10 a, b, 11. 

1865. Avnlopecit* iiemalit, S*lt«r. Palnentology of Ntti in Dm Northern HimUiytf, etc, by J. W. 

Stltor and H. F. Blanfurd. Calcutta, p. 55. PI. V, 6g. 14. 
1891. Amculopeete* kitmalit, Wupm. Salt Bug* Fcwila. PalwootologTa Indie*, Mr. xiii. Vol I, Pru- 

dlMiu* liU-eaUiue Fl^kIU p. 301. 

As I have not been able to clear the hinge apparatus from the adhering matrix 
in any of the specimens from the Himalayan collection, the generic determination of 
this species is founded on its external characters only. Among the Peetinida of the 
Salt Range Productus limestone Waagen, as a rule, considers as belonging to the 
genus Avieulopecten such species as have the anterior wing smaller than the 
posterior one, whilst on the oontrary the species with a large anterior and a small 
posterior wing were attributed by him to the true genus Pecten. 

Salter, when introducing his new species, had only a left valve available for 
description. In my material the species is likewise represented by left valves only 
having the anterior wing, considerably smaller than the posterior one. Although 
this fact seems to exclude the ascription of the present species to the genus Pecten 
Klein, there still remains the difficulty to bo settled, to which of M'Coy's nearly 
allied genera, Avieulopecten or Sfreblopteria, 1 it ought to be attributed. The great 
dilficulties encountered ia settling the limits of these two genera, are well displayed 
in Salomon's memoir: "Goologischo und Pahoontologisohe Studien uber die 
Marmolata " (PaloBontographioa, XLII, 1895, p. 149). The only character, which 
always holds good for their distinction, is the inequality of the two valves in 
Avieulopecten- In the face of the absence of the second valve one is at a loss 
how to distinguish tho singlo valves. 

After many fruitless attempts I at last succeeded in clearing the apical region 
of a right valve from the adhering rook. This latter, although vory poorly preserved, 
proves the two valves to be markedly unequal. Thus the reference of our species to 
the genus Avieulopecten seems to be thoroughly justified. 

Salomon justly laid a special stress on tho very slight differences existing 
between Sfreblopteria, which has always been considered a genuine member of the 
family Peetinida, and Avieulopecten, which is assigned by different authors either 
to the Peetinida or Aviculidce. He consequently groups Avieulopecten with the 

> it-Cos, Annali ud M*guk«of Katur.1 Hirtory, VII, S.r. ii. 1851, p. 170. 
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Pectinidce, following, as he states, the opinion expressed by K. von Zittel in his ex- 
cellent "Handbuch der Palteontologio " (Band II, 1885, p. 30), It must however 
be mentioned, that Zittel in his recently published " Grundzuge der Paheontologio " 
(Munohen und Leipzig, 1895, p. 261) takes a different view of the subjoct, quoting 
Aviculopecten among tho Jviculida, Lam., whereas Streblopteria is left, of course, 
with the Peoiinidee. As tho present one seems tome a case in which it must be left 
to the taste of each author, how far ho is inclined to extend the limits of the one 
or the other family, I prefer to follow Wnagon's and Salomon's views in this matter. 
Salter characterises the present species in tho following manner : — 
" A. semiuncialis. Valra profundior oonvexa, subtrigona, apice acuto, auribus 
niodiois, abrupt* depressis. Superficies costis 16 eminentibus, sequidistantibus in- 
terlineatis. 

" The left valve of this small species— only one half inch long and as muoh wide — 
is orbicular, regularly convex, subtriangular, and rounded in front The beak is 
sharp and projecting ; the ears are unequal— the anterior one small, with a few strisB ; 
the posterior broad, notched, and pointed, and both abruptly sunk. The surface of 
the shell is regularly radiated by about sixteen strong sharp ribs, equally distant 
from each other, and interlined regularly by a finer one between each pair." 

"The ribs arc nearly smooth, a little nodular hero and thoro, and crossed by 
concentric ridges of growth. 

To this description of tho species tho following remarks may be added :— 

The general outline of the shell is but very slightly inequilateral and longer 
than high. Tho left valve is tolerably inflated and, so far as I am able to judge 
from my apical fragment of a right valve, muoh more strongly vaulted than the 
latter. Its greatest thickness coincides with the upper quarter of the diameter, ex- 
tending from the apex to the ventral margin. 

The apex is about median in its position, little prominont, pointed and well in- 
curved. It is limited on both sides by wings, which are quite distinctly marked off 
from tho remainder of the shell. The anterior marginal edge, separating tho marginal 
region of tho shell from tho corresponding wing, slopes in a perpendicular wall 
towards the surface of the latter. Towards tho posterior wing the shell is less steeply 
inclined, and the edge, separating them, is loss sharply defined. 

The apical angle varies in my specimens from 83° to 88% whereas tho angle 
between the lines connecting the apex with the terminal points of the ventral shell 
margin is about 100*. 

The anterior shell margin forms a broad curve, which projects far in front of 
the anterior wing and unites with the ventral margin in a strong, semicircular con- 
vexity. The posterior shell margin descends from the omargination of the wing in 
a very broad and flat curve, and forms an obliquely pointed arch in uniting with 
the ventral margin whose shape is nearly semicircular. 

The anterior wing is smaller, more slender and more strongly omarginated than 
the posterior one It is slightly vaulted. The length of its anterior margin is about 
one half the length of its sutural margin, which itself is of equal length with the 
hinge line of the anterior wing. Its falciform anterior margin unites with the 
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hingo lino in a sharp point. The posterior wing is considerably broador, and flat. It 
scorns from the larger of my figured specimens, that it was pointed. There is, 
however, no distinct observation possible us to its exact shape, the posterior portion 
of this wing being broken off completely in all the rest of my specimens. 

The hinge line is straight and considerably shorter than tho length of the shell, 
measuring only two thirds of the latter. The mode of insertion of tho ligament 
could not be observed. 

With regard to the sculpture of tho shell I must slightly correct Salter's 



Three difforent classes of ribs may bo distinguished according to their strength. 
The principal ribs, whioh rise in the apex, aro only 8 in number. Between 
two of them one rib as a rule is regularly intercalated, whioh often assumes a 
strength equal to that of the principal ribs on approaching the ventral margin of the 
shell (e.g., the specimen, figured PI. V, fig. 10 a.), but either does not reach the apex 
at all or grows very thin in its vicinity. Tho ribs of the third sort are more 
delicate, although rather unequal in strength and size, and are placed irregularly 
between those of the former classes. A small number of them evon develop by 
the bifurcation of a singlo rib. Tho principal costs are equidistant, prominent 
and steeply rounded on their tops, with flatly curved valleys between them. In 
some of my specimens they show a marked tendency to rise into protracted no- 
dular elevations, whioh are, however, only faintly defined. 

The radial sculpture is orossed by numerous shelly lamella:, corresponding to 
stages of growth and forming occasionally broad, ogival vaults on tho radiating ribs 
(PI. V, fig. 11). 

The anterior wing is covored by both thin radial ribs and striae of growth. 
The sculpture of the posterior wing I have not been able to study. If any exists, it 
ought to be very delicate. 

The specimen of A. hiemalit, figured by Salter, is a comparatively small one. 
Some of tbe shells, collected by Griesbaoh at the same locality, attain a much larger 



The measurements of the two specimens, whioh have been figured in the 
present memoir and among which the second one is the largest in my collection, are 
as follows :— 

Pi.V.%. 10. Piifcll. 

Satin length of tbe aMl about Si mm. Slicm. 

„ Wgl>t 31 .. « „ 

Thiokiwu at thr loft t«1t» SA „ 9 ,. 

Length of tho hioip tin* t » 83 .. 

Apical angle S3 0 „ 87 s .. 

"Waagon, 1 misled by Salter's bad figure, considered Aotculopecten crebrialria- 
tm, Koninck,' from tho lowest fossUiferous bed of tho Salt Range Productus lime- 
stone as tho nearest ally to the presont species. Their resemblance is, however, only 

1 Salt Rang* Foralla, Pal. Indiei, Prodaotu* linwiton* FomiIi, m. xiii. T. p. 318. 

» Quart. Joan.. OeoL Soc, London, SIS, p. 8, PL IV, fig. 6 : H»ii»ci« mr lea fotOlci pa!**oiquM, recuffllfii dan. 
1'Iddr, p. 17. PL IV.Bg.S. 
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a distant one, and there is no difficulty in distinguishing the two species. Remark* 
able differences exist in the nearly circular outline, in the equal thickness of the 
two valves, and in the less prominent sculpture of A. crebrittriatus. A further 
difference may he constituted by the shape of the anterior wing, which in one of 
Waageo's specimens seems to stretoh rather far down the anterior margin of the 
shell, and to be limited on its upper side not by a horizontal but by a sloping hinge- 
line. 

A much greater affinity than to any of the palaeozoic forms from tho Salt 
Range is exhibited by tho prosont species to A. Koktcharofi Vorneuil 1 from the 
pennocarboniferous and pormian strata of Russia. 

There has been some confusion about Aviculopecien Kok$eharofi and A. Boui-i 
Verneuil (PI. XXI, fig. 0, p. 326), which was completely cleared up by Count 
A. von Koyserling' and Th. Tsohernysohew. ' In sculpture and in genoral outline 
my largest specimen of A. hiemalit (PI. V, fig. 11) resembles Tschernyschew's type 
specimen of A. Kokseharofi from Soligalitsoh so very closely that differences can 
only bo noticed in tho minor details. In A. Koktcharofi tho apex seems to be 
more strongly pointed, but less prominent, tho apical angle is larger, the anterior 
wing seoms to be flat, not slightly vaulted, and its anterior margin is -not of 
falciform shape as in A. hiemalit. All these differences are however of so small 
importance, that with specimens of A. Koktcharofi for comparison at hand, one 
might perhaps be compelled to consider tho Indian shell to be only a variety of 
tho Russian species. For tlwpresent I must content myself with drawing attention 
to the fact that tho two species are apparently very nearly related to caoh othor. 

A similar sculpture to that of A. hiemalit and in A. Koktcharofi ia exhibited by 
A. Draschei, Toula, 4 from the permocarboniferous strata of the western coast of 
Spitsbergen. The sculpture of this Bpecies is likewise distinguished by the presence 
of three different groups of costm, among which the strongest only reach to the 
apex of the shell. Essential differences consist, however, in its perfectly rounded 
margin and in the shape of tho wings, the posterior wing being strongly emar- 
ginate and sharply pointed. 

A more distant similarity is exhibited by the sculpture of A. occidanevt, Meek, 
(CI. King, Report of tho geological exploration of the 40th parallel, Vol. IV, 
Washington, 1877, Palaeontology, p. 96, PI. XII, fig. 13) and of A. hoernerianut 
do Koninck (Monographic des Fossiles carbonifcres de Bleiberg en Carinthie, 
Bruxelles, 1873, p. 89, PI. Ill, fig, 27). Whether nearer affinities exist between our 

1 S. dt TtnttttU in: Sfurthittm, dt FViw.tf et A. dt Ktunrlinq, Geologic de la Roeaie de fKorop* et d* 
llontagoei de POund, 1876, Vol. II , p. S2«. PI. XX. if. 16. 

* A. Omf Ktjnrliny nod JW ro, KruttnHtm = Wiwoschaftlicbo BeoWhtungu wt *i»er Beta, i.de. 
Petschoraland. St Petaraboora; 1876, p. 276. 

* Ti. TtcktrnjK-Xeic : Dm parmietlie KatkeUin im Gou*« r nem«i.t Kctroma. Sepantabdr. aae Verb. d«r bii. 
t„m. raiaeral. QeM,ll*h. in St Patenboarg, 1885, p. 20. See ako L. dt K<mi~k, Fwne do ealoun oarbonifere d, 
la Belm"* AamIm do Royal d-Hirf. nat. d« Itelgiqoe, XI. Be"" pwtie. p. m. 

* F. 2W« .• Pwnio.CjtWKM.il Un «m der W«rtkut« tot Bpfelnrnr-n. New* Jahrb. t. Mioer. 1875, p. 812. 
Taf. VII, fig. 6a. mm b. I do not think that th* latter epeeimrn can be identified with TouU'e specie*. » it ii diotm- 
goiebed from it bj its obliqne outline and by a strong difference in the proportion of ita length aad height. 
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species and A. wgyplietu, "Walthcr (Ueber oine Kohlenkalk-fauna aus der segyptisch* 
arabischen Wuste, Zeitsohr. Deutsch Geol. Gesellsch, XLII, 1890, p. 437, Taf. 
XXIV, fig. 11) from, the upper carboniferous strata of the Uadi el Arabah,' 1 ana 
not able to decide. In their outlines and sculpture the two spocies show a marked 
resemblance, although Walther's figure and description do not give a very clear 
idea of the African form. An essential difference consists in the three rows of 
spines, which are observed on the anterior wing of A. asgyplicttt. 

Locality, number of tpecimem examined. — N. W. Kiunglung encamping ground, 
8. W. Niti Pass, Painkhanda, 6. 

Remarks. — Aviculopecten hiemalit has not been discovered outside the district 
of Painkhanda. Its noarcst ally, A. Koktcharofi, is known from upper carboni- 
ferous, permocarboniferous and permian bods. As A. hiemalit may perhaps prove 
to be only a variety of this wide spread species, a few notes on the geographi- 
cal and geological distribution of the latter may be found useful. 

A. Koktcharofi was first describod by E. de Verneuil from Scbidrowa on 
the river Waga (Archangel), whore it had been colleoted in a marly limestone over- 
lving the strata of white gypsum, whioli, according to Murchison, form in this country 
the base of the permian system. It is quoted by Count Eeysorling from the 
permian limestone of Kischerma on the river Wei, and by Th. Tschernysohew from 
the lower pormian of Kostroma, from the pormooarboniforous deposits of the 
western slope of the Ural Mountains, and (according to Barbot de Marny and 
Lahusen) from Kirilow. Tsohernysohow in his memoir on Kostroma expressly 
mentions A. Koktcharofi among tho species, which make their first appearance in 
the Artinsk stage, but do not descend into older strata of carboniferous age- 
Nikitin 1 howevor figures an imporfoct fragment from the stage of Gshel (horizon 
of Chonetet uralica) as A. cf. Koktcharofi and quotes this species from the topmost 
carboniferous beds of the Ural, adding that it does not occur in the Moscovian 
stage (horizon of Spirifer mo$quen$i»). Also Tsohernysohow,' in contradiction to 
his first statement, later on quotes A. Koktcharofi from tho upper carboniferous 
deposits of tho Timan. From Spitzbergon the species has been described by P. 
Toula * as A. Bouei. It there ocours in strata of probably permooarboniferous 
age* 

I scarcely need to state that Pecten hiemalit Teller* has nothing to do with the 
present species. 

1 R. 8c Mlmt» i U«b« •inn aiftablioha Kohlaokalk-PatMa ana dar ttfyptiaoli-arahiacheo Wdtta : Zeitaehr. d. 
Dtatadi. Gaol. Oti, XLVI M 1891. p. 68. 

1 8. ffikitin i IMpMi eaxboeifen-a it paiti Artdtiaaa dan* la Rdgioo do Hoawn. Hdmoira* Com. Geo). d« U 
R.uwrie. V, Mo. 5, St. PrfUranoiirjr 1BSO, Tab. I. S K . 3. p. SS. 74. 

* Ik. TieUnjteUv : Ttmnx axoauta'a ai Timaoe ta 18S9, C B. prdl. BulL Com. OeoL d* la Boaaia, St. 
VUmbtnif. 1800. p. AS. 

' F- Toula: Kohlfnka.1k-Poa«ilian van dar SiiJapHj* too Spitibngali. Sittgabar. Kaia. Akad. d. Wi*. Wioo 
LXVIH, 178, p. 2S5. Vida : Ttckn-mfusk**, Koatronw L e. p. 22. 

' P. To<Ua (Nana* Jahrb. f. Miner., 1876, p. 227) amiidan tba foaaila from NardannkjSld'a Bod 4 in tha aeotion 
el Aid Ialand a* bamg of parraooarbonifarona aga. To thta bad laema to oorreapond tha foaaibfarona undatona of Iha 
South Cup* ol Sf.itrb»rgeu, in vhiah tba preaaot ipaciaa haa beta ooikwtod by Pajar, tha wall known Aoatriaa aiplorar 
of tba Arctic ragiona. 

• f. TetUr n JR. t. itajtimnet : Arklineba Triaafmnan, Mem. 1» I oo»d. inptfr. daa aciaDOSa da St. Pdteraboarg, 
adrvii. XXXIII, No. «. ISSfl. p. 125. 
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MOLLUSCOIDEA. 

Class : BRACHIOPODA. 

Order: TESTICAEDINES, Broniu 

Suborder: APHANEROPEGMATA, Waagen. 

Eamily: PRODUCTIBJB Gray. 

Subfamily: CHONETINjE, Waagon. 

Genus : CHONETES, Pisch. v. Waldh. 

Section : STRIATA, de Koninck. 
1. Chonetbs VisnNO, Salter, PL II, fig. 5, 7, PI. V, fig. 9. 

ISAS. CkomaUi ruknM, Salter, ralvootolo^j of Xiti, «**, by i. W. Salter wd H. P. Bluiord, p. U. PI. V, 

1861. CSomlu Fitkiu, WMg«o, Skit lUnge Poi.il., Put 1*4.. nit. liii, I. Products limotono touiU, 
p. 631. 

In the Himalayan oollection this species is almost exclusively represented by 
internal casts. In one specimen I hare been able to examine the shelly layer of 
the dorsal valve, but in tbo ventral valve fragmentary portions only of the shelly 
substance were available for observation. 

Otherwise a fairly complote diagnosis of the present species can be given, which 
will considerably add, I hope, to the rather short description given by Salter. A 
revision of Baiter's diagnosis seomed the more desirablo as the latter had proved 
insufficient to fix at all precisely the affinities of Chonetei Vishnu to Ch. oompretaa 
Waagon, from the Salt Range and to a considerable uumbcr of forms, described by 
Norwood and P ratten, from the North American coal measures. 1 

As Salter's memoir is extremely rare and the number of its copies, especially on 
the continent, very limited, I believe myself justified in quoting Salter's diagnosis 
verbally. 

It runs as follows 

" C. semiuncinalis, profundc biloba, transversa, aurioulis nullis, striis angulari- 
bus, irregulariter bifurcatis ot intcrlinoatis, striis incremonti distinctis. 

1 Vid« Waagtn, 1. o. p. 681. 



Digitized by Google 



BBACUIOPODA. 



15 



" Transverse, the ears square, not produced. T Tw lf an inch broad, and about a 
quarter long, convex, strongly bilobed. The furrow reaching to tho very beak. 
Striate. The stria) are angular, with equal spaces between them ; they bifurcate 
very irregularly at all distances from the margin, and are wavy and rather nodular, 
crossed by somewhat distant, coarse lines of growth, and by very numerous close 
.concentric stria;. 

" Interiorly, lines of small and rather remote punota are placed in the furrows 
between the ridges. 

" This species differs from all allied forms described by de Koninck in the strong 
bilobation and the coarseness of the stria). The coarse-ribbed species in his work 
are not flattened or bilobed. The bilobed species on the other hand are finely ribbed. 
C. ardrentis, a shell of the same size but without a furrow, comes nearest our 
fossil. It is the common British fossil. " 

This diagnosis will be completed by the following remarks : 
The shell is of rather variable size. It is always considerably broader than 
long. In the specimen figured PI. II., fig. 7, the breadth of the shell is nearly 
double its length. The straight hinge line is always as long as the greatest 
breadth of the shell. The outline is transversely rectangular with semicircular 
margins. 

The ventral valve is rather strongly convex. The curve is in neither direction 
quite equal and regular. It is strongly flattened on the lateral parts both toward 
the wings and in the vicinity of the front margin. The demarcation between the 
strongly curved visceral region and tho flattened marginal portions of the shell is 
more or less distinctly defined. The apex is scarcely prominent, pointed, and does 
not overlie the hinge line. Below it there extends a narrow, flat area, divided by 
a distinct deltidial fissure. No spines could bo distinguished on the cardinal mar- 
gins, limiting the area above. 

Salter montiona that "the oars # are square and not produced," no distinct 
wings being formed (auriculis nullis). This allusion has however reference to 
ono of his type specimens only (loe. tit. PI. V, fig. 126) whereas the other (PI. V, 
fig. 12a) is provided with clearly distinguishable, auriculato wings. Nor are they 
missing in any of my specimens. 

A very deep, but comparatively narrow sinus oxtonds from the apex to the 
front margin, but is gradually obliterated in the vicinity of tho latter, increasing in 
width in tiie meantime and becoming cuneiform. It is sharply cut, but slightly 
rounded in its depth and bordered by steep marginal walls. The latter characters' 
are however restricted to the central portion of the valve. No trace of a median 
fold is observed in the bottom of tho sinus. 

The ornamentation of the shell, as described by Salter, I have not been able 
to examine in detail all over the valve, as small fragments only of tho shelly sub- 
stance, adhering to tho casts of my specimens, are available for comparison. They, 
however, agree well .with Salter's description, as regards their sculpture, allowing the 
existence of numerous wavy, radial Btrue, orossed by much more delicate concentric 
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stria and by ooarse lines of growth, to bo established. The surface of the oast 
exhibits numerous delicate radial farrows with regularly arranged punota, closely 
resembling the grooves which are produoed by the impressions of a sharp needle. 
These extremely delicate furrows are also occasionally intersected by coarse lines of 
growth. 

The dorsal valve is distinctly, though very flatly, concave. I have not been 
able to state with certainty whether it is provided- with a linear area. A median 
fold or varix, corresponding to the sinus in the ventral valve is but very slightly 
indicated. 

The ornamentation of the interior consists in this valve of very numerous 
and delicate stria;, of which thero aro five to six in the Rpaoe of one millimetre, bo 
that as many as 100 or 120 stria) may be counted round the margins. Each stria- 
tum bears about 20 tubercular shaped granulations, which are largest and thickest in 
the central portion of the valve, and slightly diminish in sizo towards the margins. 
The external sculpture is exactly the reverse of the ornamentation of the cast. 
To the stria) on the surface of the latter correspond wavy, irregular furrows, which 
are, however, muoh coarser and less numerous. Along them punctures and grooves 
ore disseminated pointing towards the margin of the shelL 

The internal structure of this species is not known to me. 

The measurements of the largest specimen (PL II, fig. 5) aro as follows :— 

Entire length of tbaabell 9 mm. 

„ breadth of the th«li along tho bioga line ..... 13 „ 

TbiekuM of tho rratnl v»l»e !•{ „ 

Ap>«l angle of too ventral rale e without th« wing* nop. \\f „ 

Locality, number of $pecimen$ examined.— ~S.W. Kiunglung encamping 
ground, S.W. Niti Pass, 7. 

Remarks.— Chonetes Vishnu belongs to a group of strongly bilobed, striated 
forms, which make their first appearance in tho mountain limestone of Belgium and 
Russia. The Bolgian form has boon described by L. do Koninck ( Monograph ie 
des genres Productus et Chonetos, Liege 1847, PI. XX, fig. 2, p, 206.) as Ch. vario- 
loid d'Orb. sp., the Russian by B. de Vorncuil and Count Eeysorling in Sir Roderick 
Murchison's " Geologie de la Russia d'Europe " (Vol. II, p. 242, PI. XV, fig. lo 
d, e,f, non a, b, c,) as Ch. lorcinulata, Schloth. sp. Both identifications are equally 
wrong. Waagen (lot. cit. p. 631) suggested that this ancestor of the bUobed species, 
which in upper carboniferous and in permocarboniferous strata become of very 
great importance, could, perhaps, be identified with the Indian Ch. Vishnu. This 
view has, however, not been proved correct. My examination of the Himalayan 
species loads to tho result that Ch. Vishnu cannot be classed among tho synonyms 
of the bilobed forms from the mountain limestone of Belgium and of Russia. The 
two species differ strongly both in the depth and shape of the sinus and by the 
shape of their profile. 

Another species, which Waagen is inclined to consider as a synonym of Ch. 
Vishnu is OA. Flemingi, Norwood and Flatten (Notice of the genus Chonetos, as found 
in the Westerns State and Territories, Journ. Acad. Nat. Sciences of Philadelphia, 
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III, 1855, p. 36, PL II, fig. 6), This American species is indeed very 
closely allied to tho present one, although I do not feel myself justified in uniting 
the two undor a single denomination. In Ch. Flemingi the sinus seems to be a 
littlo wider and less deeply cut in. The ventral valve is more regularly convex, 
and not flattened towards the front margin, so far as one can judge from 
Norwood and Pratten's figure (PL II, fig. 5c). The cardinal edge is orna- 
mented by seven obliquely directed tubes on each side of the beak, whereas in my 
Indian specimens no tubes have been observed, nor has their presence been men- 
tioned by Salter. Nevertheless I am ready to admit, that both species are most 
nearly related, although difference may exist in tho internal characters of tho 
ventral valve, which in Ch. Vishnu are yet unknown. 

Another species from the coal measures of North America, which seems, 
however, less olosely allied to Ch. Pithnu, is Ch. verneuiliana, Norwood and Pratton 
{loc- cit. p. 26, PL II, fig. 6a, b, c). 1 Its ventral valve is more strongly convex* 
and its deep mesial sinus imparts to the front margin a much more distinctly 
bilobod outline than in tho Indian speoies. A third remarkablo character 
of difference consists in the large, rathor prominont, and incurved beak of Ch. 
verneuiliana. 

Ch. Smithii Norwood and Pratten {loc. cit. PL II, fig. 2, p. 24) and Ch. 
granulifera Owen (Geological Report of 'Wisconsin, Iowa and Minnesota, p. 583, PL 
V, fig. 12)* which among the American forms of tho group of Ch. Pithnu might also 
be compared with our species, differ especially by their flat and indistinctly bordered 
mesial sinus. All these species are distinguished by the presence of spines on tho 
cardinal edge. 

Among the European species of this group Ch. uralica, Mdller, is as nearly 
allied to our species, as Ch. Flemingi is among the American ones. Nikitin, who 
recently gave adequate descriptions of Ch. uralica (DopOts oarboniferes et puits 
artcsiens dans la region de Moeoou, Mem. du Comitc Geol. de la Russie, Vol. V, No. 
5, St Petersbourg 1890, p. 162, PL II, fig. 5, 6, 7, 8» 9), asserts, that Mdller's 
species and Ch. Flemingi differ only in tho internal characters of their valves, 
provided the figures in Norwood and Pratten's memoir are correct. Thus my 
remarks regarding the close relationship between Ch. Piahnu and Ch. Flemingi 
equally apply to Ch. uralica. 

From the upper carboniferous strata of the Carnian Alps in Carinthia two 
species of Chonetei, belonging to tho group of OA. Pithnu have been described by E. 
Schellwien (Die Fauna des karnischen Fusulinenkalks, Palaxmtographica 39. Bd. 
1892). Among them Ch. lotctinuata, Schollw. {loo. cit. PL I, fig. 4—7, p. 30), is 
easily distinguished by its broad, triangular sinus, which widens out considerably 
towards the front margin. The second form, Ch. lobata, Schellw. {loc. cit. p. 29, PL I, 
fig. 1 — 3), is provided with a median fold in the bottom of its triangular mesial sinus, 
and in this respect resembles Ch. littarensit, which will be described hereafter. 

■ Vide : Mfi aod Hajdtt, Final Report of tbe C. 8. Geologic*! 8arrej of Nobruka, Washington. 1872, p. 170, 
Pi. I. 6* 10. 

• Ckonttti mttmnaia Mwk and Uajden. 8ee 0>i«ife, Carbonformttion mi Pjaa in Kobtuka, Dmdon, 
1866. Tab. IX, fig. 1S-U, p. 18, and M»k and Btfdt., Fiuat rep.-rt, otc, p. 170, PI. IV, Sg. e, PI. VI, ii g . lo, 
PL VIII, if. 7. 
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Among the Indian congeneric species Ch. compresna has been placed in the 
group of Ch. Vithnu by Waagen (loc. tit. p. 680). It is however, according to the 
statement of this learned author, easily distinguishable from all the rest of the 
sinuated forms, " by its smooth wings and by the comparatively largo spines, that 
are clustered together in the centre of the ventral valve." From Ch. Viihuuit differs 
moreover strongly by its much lower mesial sinus. 

Chonelet austeniana, Davidson (Notes on the Carboniferous Brachiopoda, col- 
lected by Capt. Godwin Auston in the Valley of Eashmere, Quart. Journ. Geol. 8oc. 
London, XXII, 1866, p. 44, PI. II, fig. 18), from the Zewan beds in the Kashmir 
valley is too incompletely preserved to allow any comparison with Ch. Vithnu, 
although it seems to belong to the same group. 

From the permocarboniferous rooks of Spitzbergen a small species of 
Chonetet has boon described by F. Toula, which apparently belongs to the group of 
Ch. Vithnu. This author considers it to be a variety of Ch. verneuiliana, Norw. and 
Pratt., and especially remarks that it agrees perfectly with Ch. Flemingi in the 
arrangement of the puncta. 

Through tho kindness of Director Fuchs I have been enabled to examine Toula's 
typo specimen from Axel Island (Pormo-Carbon-Fossilien von dor Westkusto von 
Spitzbergen, Nouos Jahrb. f. Mineral, 1875 p. 231, Taf. V, fig. 4.), but it is too 
badly preserved to allow any comparison of the minor details in the Indian and 
Spitzbergen fossils. The type specimen of Toula's Ch. verneuiliana var. Spitzbergiona 
from the Horns und, which has been described and figured by this author in his 
memoir " Kohlenkalk-und Zechstein-Fossilion aus dora Hornsund von dor Sudwest 
kuste von Spitzbergen" (8itzgs.-Bor. Kais. Akad. d. Wiss. Wicn, LXX, 1874, 
p. 17, Taf. L fig. 10) is unfortunately not available to me for comparison. There 
can be no doubt, that according to Toula's figure this shell is extremely similar to 
our Indian species, and I must confess that, although I am not quite prepared to 
assert positively that both are identical, I should be at a loss to distinguish them 
without having Toula's specimen at hand. I may still add, that Toula's description 
might bo applied, word for word, to Ch, Vithnu, and that in his specimen as in my 
Indian ones, no tubes have been observed along tho cardinal edges. 

The true Ch. Vithnu has not been found outside the Himalayan district of 
Fainkhanda, but its nearest allies are among the leading fossils of upper carboniferous, 
permocarboniferous and permian strata. Although bilobed forms of this group 
make their first appearanoe in the mountain limestone, the typical species, which 
are characterised by a deep mesial sinus, do not dosoend into beds of lower carboni- 
ferous age. Ch. uralica occurs in tho topmost carboniferous beds of Russia (Gshel- 
stage) and in the permocarboniferous Artinsk stage. 

The age of the beds with Ch. Fleming* has not been determined by the authors 
of this species, but it has been fixed by latter observations as permocarboniferous 
or even permian. A similar age probably ought to be attributed to the beds with 
Ch. tpxttbsrgiana. 
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2. CnOHBTISS LI8SAHBH8W, DOT. Sp. PL II, fig. 4,, 6. 

This species, which is very nearly allied to the former, is one of the most com- 
mon leading fossils of the Productus shales of the Lisear valley, where rook speci- 
mens are frequently mado up entirely hy the oasts of its shells. 

From Ch. Vishnu the present species differs especially by its trapezoidal outline 
with roundod-off margins, by the less strongly curved profile of its ventral valve, 
and by slight differences in its sculpture. It attains larger dimensions than Ch. 
Vitbnu. The aroa seems to be smaller than in the latter form, although this cannot 
be ascertained on account of the impossibility of getting oompleto specimens out of 
the very tough matrix. The mesial sinus is cut in very sharply and is deepest in the 
visceral part of the ventral valve, but disappears almost oomplotoly in the vicinity 
of the front margin. In the majority of well preserved specimens a narrow median 
fold is observed in the bottom of the sinus. But the presence of this median fold 
is certainly not common to all the shells of Ch. lissarentU. This variability of 
the species may perhaps induce pabnontologists to separate its two varieties under 
proper specific designations, but as tho modian fold is always small, and as transi- 
tional forms exist between the two types, I doomed it preferable to allow them to 
remain in the same species. 

In Bpitc of the large number of specimens, collected by Griesbaoh, not a single 
ventral valve with its shelly substance preserved has come to my notice. The orna- 
mentation of the cast is different in tho visceral and marginal portions of the valve. 
The visceral part is almost smooth, covered with very delicate striae only, with 
punota disseminated along with them, which are barely perceptible without a magni- 
fying glass. In the vicinity of the margins, especially on the wings, the striae 
beoomo more distinct, and are interrupted by deep grooves, which are, as a rule, 
directed towards the margin of the shell. 

Tho dorsal valve is distinctly concave and depressed along the hinge line. Its 
uneven surface does not exhibit any indication of a vorix, corresponding to the mesial 
sinus of the ventral valve. The ornamentation of the sholly substance consists of 
very numerous, wavy furrows, many of which are formed by bifurcation. They are 
not interrupted by grooves, as in Ch. Fithnn, but small puncta only are placed 
between them occasionally. The cast of this valre exactly agroos in its orna- 
mentation with that of the dorsal valve in Ch. Viaknv. It is covered all over with 
thin strise and with a very large number of granulations. 

The measurements of the specimen, PI. II, fig. 4, ore as follows : — 

Entire length of the ibtU 11*5 mm. 

„ breadth „ ,« „ alon^ tbu hinge 5i^e . . • • • . 17*5 

Thick mm of the Teatnl etlee ...85 

ApicLDgl. „ „ „ without th. wing. .... »oo. Hi' 

Of tho intorn-il characters of this species nothing is known to me. 
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LocalUy, number of specimen examined. South of Dharma No. XI, Lissar 
Valley, Johar, 15. 

Remarks.— This species approaches Ch. lobata. Scbellwien (Die Fauna dcs 
Karaiscben Fusulinen-Kalks, loc. cit. p. 29, Taf. I, fig. 1-3) among the European, 
and Ch. metoloba, Norwood and Pratten (Journal Acad, of Nat. Sciences, Philadol- 
phia, III, 1855, p. 27, PI. II, fig. 7) among the American species of the group 
of Ch. Vishnu in the well marked tendency to develop a median fold in tho 
bottom of the mesial sinus of the ventral valve. In Ch. metoloba this median fold 
is, however, much larger, filling out the mesial sinuB almost completely. 



Subfamily: PRODUCT 1N^, Waagon. 

Genus: PRODUCTUS, 8owerby, 

The genus Productus takes rather an important part among the fossils of the 
Froductus shales, as the name chosen by Griesbach for the designation of the 
permian beds in Johar and Fainkhinda clearly indicates. There are five different 
species, which can be attributed to this genus. Among the sections or subdivisions of 
Product*, established by L. de Koninck, two only are represented among these species, 
viz., the groups of Fimbriati and of Spinosi. 

Thus we arrive to tho following grouping of the permian Product* in Griesbach's 
Ilimdlayan collection : — 

I. Sscnos FIMBRIATI. 

(») Group of P. Pordokt, Dav. 
1. Product** Purdoni, D»t. 

(b) Group of P. Homboldti, Orb. 
4. Product** jutftticnt, dot. «p. 
8. Prod*fl*i ef. itrialu, Wtageo. 

II. Sictiok SPINOSI. 

4. Product** ef. Carurini, Vera. 

8. Pnduetmt eancriuiformit, Tscbcra. 

All the species of this genus, hitherto described which occur in the Productus 
shales of Gurhwal and KumaoD, are in other countries restricted to beds of permo- 
carboniferous or permian age, with the exception of P. cancrini/ormit, which in 
single specimens descends into upper carboniferous strata. 
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I. Section: FIMBRIATI. 

a. Group op PRODUCTUS PURDONI, Day. 
1. Productus Purdoni, Davidson, PI. II, fig. 1 a, b, c, d, fig. 2 a, b. 

166S. JWMto PwJmi. D»Tld«»n, On torn, cubooif.roa. btKhiopod.. eolbctod in lodi* by A. Fkmiog 
and W. Piirton, Qout. Jwm. 0«.L Soc., London. XVIII, p. 31. Pi. II, fig. 6. 

IMS. ftW«rt« P*rdo»i. D»Tid«m, in L. da Kooinck, Ufa. nrU fo»l*> (.Unique., rwwilli. d«» 
find*, PI. XII. fig. 6, p. M. 

1884. P. W WMg«n. Salt Rang* Forth, P»L India, Prodartu. U.t.to B . Vo«fa. >« jlii, I, 
p. 706. PI. LXXIII, fig. 1-3. 

■ 

This is one of the most characteristic species of the Salt Range Productus lime- 
stone formation. It has been mentioned by Salter among the fossils collected by 
Strachey in the Productus shales of the Painkhanda district, but I do not believe 
Salter's determination to bo correct, the fragment, which he identified with Productus 
Purdoni belonging most probably to P. gangeticut. Nevertheless the true P. Purdoni 
occurs in the Productus shales of tho Himalayas. In Griesbach's collections 
from Kiungluog encamping ground near tho Niti Pass the species is represented by 
a number of casts, which, although not entirely preserved, agree very well in their 
essential character with Davidson's and Waagen's type specimens. I have lesH 
hesitation in identifying them with P. Purdoni, as Professor Waagen, who kindly 
examined my Himalayan fossils, likewise considers them identical with Davidson's 

There are only ventral valves in Griesbach's collection. They are moderately 
inflated, much as P. Abicki or in P. gangeticut, but nearly all of a larger size, some 
even considerably larger. They aro longer than broad, and by this character even 
strongly weathered casta may be distinguished at onoe from the two above mentioned 
species. 

The greatest breadth of the shells is situated in the lower part of thoir length. 
The hinge line is always considerably shorter than the greatest breadth of the valve, 
but in none of my spocimons is it as short as in Davidson's type specimen or as in 
Waagen's' strongly sinuated variety from Bilot (loo. eit. PL LXXIII, fig. 3). In this 
respect my specimens closely resemble Waagen's type specimen from the upper 
Productus limestone of Musakhel (PI. LXXIII, fig. 2), but thoir wings are 
extremely small and not distinctly defined. 

In one of my specimens the hinge line is arched, as in Davidson's type speci- 
men. The margins are well rounded. The median sinus is broad but not very deep, 
although it extends, as a rule, to the front margin of the valve. 

The apex is not well preserved in any of my valves, both the shelly substanoe 
and ovon the cast in part boing strongly weathered. Thus its pointed, strongly 
incurved shape could not be observed. The beak seems to overhang tho hinge line 
slightly. 

In one of my specimens radial plications are noticed, as in Waagen's specimen 
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from Musathel (PL LXXIII, fig. 2). These indistinct and broad folds are only 
dovolopod in tho lateral parte and in the vicinity of the front margin. No 
median fold has been observed in tho bottom of the mesial sinus. 

Very little of the beautiful sculpture, which has been excellently described by 
Davidson and "Waagen, is to be seen in my specimens, all of which are casts and 
more or less deteriorated by weathering. In tho specimen, figured PL II, fig. 2 b, 
however, a small fragment of the shelly substance has been preserved in the vicinity 
of tho apical region. Its ornamentation exhibits a vestige of tho quincuncial 
arrangement of the flat tubercles, which in perfectly preserved shells produces a 
cross lineation of the surface. The visceral part of the oast is covered with round- 
ish, shallow grooves, or, where it has been attacked by weathering more deeply, with 
delicate, longitudinal furrows. A comparison of Waagen's and my own figures will 
give a better idea than a detailed description of the similarity in tho ornamentation 
of casts from the Salt Range and from the Himalayas. In the vicinity of the 
margins the tuberculatum becomes extremely delicate. 

In one of my specimens the interior characters of the valve are pretty well 
sculptured on the internal cast (PI. II, fig. 2 a). Tho impressions of tho cardinal or 
divaricator muscles form flat trapezoidal promi nonces, covered with deep, strongly 
marked furrows. Tho impressions of the adductor or occlusor muscles are not 
distinctly visible, but the narrow median ridge dividing them longitudinally is 
clearly indicated. In general the internal characters of tho ventral valve do not 
seem to differ much from those of P. Abichi. 

The measurements of my smallest specimen (PI. II, fig.l) arc as follows : 



ground, 8.W. Niti Pass, 4. 

Remark».—P. Pttrdoni has not yet been detected in any deposits of older 
than permocarbonif orous or permian age. It is quoted by Wynne and Waagon 
Iron) tho upper division of the Salt Range Produotus limestone. The oldest specimen 
has been collected in beds near the limit between tho middle and upper Produotus 
limestone, whereas the youngest specimens are met with in the topmost beds, 
immediately below the Ceratito formation. Tschernyschew (Mem. du Oomite 
Gebl. do la Russie, St. Petersbourg, 1889, III, No. 4, p. 378) mentions the 
species from the Artinsk deposits of Podtschorcm, Yomasch-Kirta and Kirta-Warta, 
where it has been collected by Hofmann in large numbers together with P. 
tenuittrialut, Vera. 

"Waagen considers P. Purdoni as an isolated form, which, as regards the peculiar- 
ities in its sculpture and shape, cannot bo affiliated directly to tho group of 
P. Htimboldti. There is only one spocios of Productut, to which the prosentform is 
very nearly allied. This is P. Payeri, Toula (Kohlenkalk und Zochstetn-Fossilien 
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aus dom Hornsund, etc, 8it&gsber. Kais. Akad. dor Wiss. "Wien, LXX, 1874, 
p. 277, Taf. IV, fig. 1-8) from the permooarboniforous rooks of Spitsbergen. 

It is true, that neither from Toula's figures nor from his description is this close 
relationship very conspicuous, hut with Toula's specimens of P. Payeri at hand 
for comparison, the similarity to P. Purdoni is most striking, and there can he no 
doubt, that the two species must he placed in the same group. 

In tho Spitsbergen species the mesial sinus is, as a rule, deeper than in 
P. Purdoni, but in one of Toula's specimens it is exactly of the same size as in my 
Himalayan speaimen figured on PI. II, fig. 2. The ornamentation of the cast and 
of a few fragments of the shelly substance agrees oqually well. In one oast radial 
plications are indicated near the lateral and front margins. The internal structure 
does not seem to differ from that exhibited by P. Purdoni. In Toula's specimen 
figured on PI. IY, fig. 2 of his memoir, the dendritic impressions of the adductor or 
ocolusor muscles are rather broad, but in a second specimen the space, which is left 
for the adductores between the trapezoidal impressions of the cardinal muscles, is of 
exactly the same size as in my Indian form. 

One essential difference only makes the distinction of the two species easy. 
This is the length of the hinge lino, which in the Spitzborgen species either corre- 
sponds to tho greatest breadth of tho shell or is but little inferior to the latter. It 
must however be stated, that with regard to the length of its hinge line P. Purdoni 
varies considerably. The importance of this character consequently ought not to be 
overrated, although it may be found very convenient for maintaining P. Purdoni 
P. Payeri as separate spocies. 

The occurrence of a spocies, so closely affiliated to the characteristic P. Purdoni, 
whioh has been considered hitherto as an isolated form among the Producti Jimbriati, 
in the permocarboniferous rooks of Spitsbergen is of high geological interest. 

6. Grout op PRODUCTUS HUMBOLDTI, Obb. 
2. PaocucTua gangeticus, nov. sp., PI. I, fig. 1 a«d, fig. 2, PI. II, fig. 3. 

18«5. Prodmctt Ptrfou, 8»lt«r, Waontotogj of Stti, •*«.. p. 63, PI. V, «g. 10. 

1896. P. Abieki (WMKMO.Diencr, DenkMhr. Kai.. Akul. d. W». Wieo. MMb. out. CI. L3tf I, p. 60S. 

Tho determination of the present species has given mo much trouble. At 
first I was inclined to unite it with P. Abichi, the well known 8alt Range 
species, which has been excellently described and figured by Waagen (Salt Range 
Fossils, Pal. Indica, Prod. Limestone fossils, ser xiii, I. p. 697, PL LXXIV, 
fig. 1-7). The examination of its dorsal valve, and especially of its internal 
characters, however, convinced me, that it must be considered as a distinct species. 

The ventral valves (PI. I, fig. 1 and 2) are very similar to P. Abichi, both in 
shapo and sculpture. They are moderately inflated and broader than long. But, as 
a rule, the difference between the length and breadth of the shell is considerably 
smaller than in the majority of Waagen's specimens of P. Abichi. The hinge line 
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is shorter than the greatest breadth of the shell. Tho apex reaches almost down to 
the hinge line. The beak is strongly bent in and not very prominent. In the 
specimen PI. I, fig. 1, no area is doroloped, but in the specimen fig. 2 a small area 
of more than one millimetre in breadth is distinctly defined along tho hinge line. 
It is provided in the middle with a largo deltidial fissure. This is again ono of the 
numerous instances of species, belonging to tho group of P. Humboldti, being 
eventually provided with a small area, as it is met with in tho genus Strophalotia. 
But the point of attachment on tho apex of tho ventral valve, which is the most 
striking character in the true Slrophalotiee, is entirely absent in all tho Producti 
of this group. 

Tho general outline is transversely ovaL The lateral margins are well rounded, 
uniting with tho hingo lino in an obtusely rounded -off angle, which is nearly 
roctangulor. Tho curvo of the ventral valve is tolerably regular in tho longitudinal 
direction as far as its visceral portion. Near the limit of the visceral and frontal 
portions however a more or less distinct gonioulation takes place. This geniculation 
marks the commencement of the trail. Transversely tho curve descends rather 
abruptly from the flatly arched visceral part to the lateral margins. In tho specimen 
PI. I, fig. 2, tho median sinus originates close to the apex, and is comparatively 
deep, as in Waagon's specimen of P. Jbichi, figured on PI. LXXIY, fig. 2, of tho 
Salt Range Memoir (Vol. I). In my other specimens tho sinus is more shallow, but 
in all of tbem it extends as far as the front margin. 

The wings are very small, indistinctly limited off, and barely flattened. 

In the sculpture of the shell, the difforonco between the visceral and marginal 
portions is very conspicuous. The coarse and elongated tubercles in the visceral 
part of the valve are towards tho lateral and frontal margins replaced by much 
smaller, roundish spines, which are clustered together very closely. The shelly sub- 
stance is extremely thin, scarcely more than one half millimetre in thickness. The 
sculpture of the cast is less distinctly marked. Where the interior cast is perfectly 
unhurt, as in the specimen fig. la, the elongated tubercles are yet visible, but where 
its surfaoo has been subject to weathering, sharp, longitudinal grooves appear 
instead of them. Along tho margins the cast is covered with small, pustule-shaped 
granulations. In one of my specimens a few concentric strise of growth are faintly 
indicated in tho vicinity of the wings. 

In general tho sculpture of this valve approaches very nearly that of P. Abichi. 
The arrangement of the tubercles is almost absolutely identical, and the only point 
of difference is the somewhat smaller size and larger number of the single tubercles 
in the visceral part of the shell. But oven in this respect my specimens do not differ 
remarkably from tho specimen, described by Geheimrath Abich' as P. toabriculus 
from the permian rocks of Djulfa. 

Tho dorsal valve is flatly convex with a slightly vaulted apical region. A 
broad, modian fold, originating in the apox and reaching down to the front margin* 

* B. Ahkh, OwlogiMho Fortthungen In Am Ktuluuiubcn L»»d«ro. I. Tb, Eiot BrtyWkfeun. »u» i«r 
A««. Eng. I*i Djoulfa. W»„, m;*, ( , 8g, T .f. V, 11*. 3. 
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corresponds to the mesial sinus of the ventral valve. The lateral margins are quite 
flat The wings are slightly excavated and bent up along their margins. 

In its general shapo this valve differs considerably from the dorsal valve of 
P. Abichi, which is provided with a distinctly excavated apex and with two broad 
lateral folds besides the median fold. It approaches more nearly the dorsal valve of 
P. Purdoni, Dav., in which the apical region is also slightly raised. A chiof differ- 
ence consists, however, in the concave shape of tho whole valvo in consequence of its 
margins being bent up more or less strongly, whereas in P. gongetieut the dorsal 
valve is distinctly though flatly convex. 

The sculpture consists of very numerous littlo grooves, botwoen which small 
erect spines are occasionally intercalated. A conoontric folding is moreover faintly 
indicated. On the external cast (PI. If, fig. 3) small, elongated, club-shaped 
tubercles correspond to the grooves in the shell. 

Tho internal structure of the dorsal valve is rather remarkable It is tolerably 
well exhibited in two of the specimens, figured on PI. II, fig. 3. 

The oardinal process is bipartite and is laterally supported by two horizontal 
ridges, extending along the hinge line. These two ridges have not been represented 
in the figure with sufficient distinctness. Although they are far inferior in strength 
and size to the corresponding ridges in P. Abichi and in P. terialit, Waag., they 
aro elearly visible in my type specimens. The cardinal process is continued on the 
inner side by two stout, divorging ridges, which extend probably for about one 
third of the visceral part of the valve. Botween these two ridges a sharp, blade-like 
median septum is developed, which apparently extends as far as the visceral portion 
of the valvo. In some of my specimens an angular ridge, which is thickly set with 
roundish spines, distinctly marks off the edgo of tho visceral part from the trail. 

The internal structure of the dorsal valve of P. gauge ticus differs widely from 
that of other species of tho Humboldti group. The Product* of this group from 
the Salt Range, so far as their internal characters are known, viz., P. Abichi, and 
P. $erialii, are distinguished by a trifid cardinal process, which is continued 
interiorly into a median septum. The bipartite character of the cardinal 
process, as it has been observed in P. gangetictu, recalls the genus (or subgenus) 
Productella, Hall, and among the geologically younger species of Producti, of P. 
Canorini, Vera. 1 and of P. tibelicut Freeh, from the permian or permocarboniferous 
limestone discovered by Bogdanowitech near the Gussass River in the Western 
Kuon-Lun Mountains.' 

The measurements of the specimen figured PI. I, fig. 1 with partly preserved 
trail, are as follows : — 

Length of the tbell in % sbwght line ...».., 44 ir.01- 

„ ., „ „ along the ennre 74 „ 

Oriatfet briwUh of til* iheU . . 48 „ 

Length of the hinge Un« nop. 42 „ 

Tbickntal of tho TvntieJ nlre 24 

1 Vidt Grimh, Dye* T»f. XVIII, fig. 22a, p. 101. 

* P. Fr*eA, BnabiopodroViUce Tom Flu*e Oaeiw. ; hi B. 8k4». BeitrSico rar Stntignpliie Centrnt-Aeito* 
De.bchr. hue. Al»i d. Wm, W,.n, mm*. n»t. CI. LXI, IBS!, p. 464, fig. 10. 
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The measurements of a dorsal valve (PL I, fig. 8) arc as follows :— 

Length of the abell in a itraight lis* 81 mm. 

« >• » f> »l«>g the eorte 88 „ 

Greatent breadth of the *hell M , 

Length of lb* bingn line 29 „ 

Tiuokn«M of the donal eal*a anp. 8 „ 

Since the examination of the internal structure of the dorsal valve has con- 
vinced me of the necessity of a specific distinction between Produotua gangeticut 
and P. Abichi, I have come to the conclusion that the larger size of my specimens 
may serve as a valuable character of difference, if one has to deal with ventral 
valves only. P. Abichi is always smaller than the present species, "Waagen's largest 
specimen of his Salt Range form, with a length of 34 mm. corresponding to a breadth 
of 42 mm., remaining somewhat behind my smallest specimens of P. gangeticua. 

Locality, number of apeciment examined.— N.W. Kiunglung encamping 
ground, S.W. Niti Pass, 11. 

Bemarkt.— It is obvious from the preceding description that the present species 
cannot be identified with P. Abiehi, in spite of the misleading similarity of the ven- 
tral valve. Chief points of difference are the convex shape and the remarkable 
internal structure of the dorsal valve in P. gangeticut. To these may be added as 
minor differences the larger size and the more numerous but loss coarse tubercles in 
the ventral valve of the Himalayan species. "Whether the presence of a trail con- 
stitutes a character of difference, I am not able to assert In P. Abichi, it is true, no 
trail has been observed by Waagen, but in the very noarly allied P. tcrialit, Waagen 
(loc. cit, PI. LXX1V, fig. 8, PI. LXXV, fig. 1, 2, p. 700), the presence of a trail is 
noticed by this learned author. Thus the absence of a trail in Waagen's specimens 
of P. Abichi may after all only be due to their state of preservation. 

With other species of the Eumboldti group I scarcely need compare P. gangeti- 
cut. I may only call attention to the faot, that, with regard to the sculpture of the 
ventral valve, it somewhat approaches the true P. Eumboldti, d'Orbigny (Voyage 
dans l'Amerique Mdridionalo, Paleontologio, III, 4 *■» partie, p. 54, PI. V, fig. 
4, 7) and P. Waageni, Rothpletz.' As has been stated in the forogoing description, 
the tubercles are more numerous but less coarse than in P. Abichi, although the 
character of the ornamentation is yet more similar on the whole to that of P. 
Abichi than of any other species belonging to tho group of P. Eumboldti. 

The fragment of a Produotua in Straobey's collection, whioh Salter identified 
with P. Purdoni, Dav., is too imperfect to allow any exact determination. It pro. 
bably belongs to P. gangeticua, not to Davidson's species. 

Another species of this group, whioh has been hitherto erroneously identified with 
P. Eumboldti, Orb., is represented by tho specimen, described by P. Toula in his 
memoir " Kolilenl<alk-FossUien von dor Sudspitze von Spitsbergen (Sitzungsbor. Kais 
Akad. d. Wiss. Wien, math, nat cl., LXVIII, 1873, p. 282. Taf. II, fig. 3). 

> RotkpleU (Die Perm, Titan-nod Juraformation anJ Timor and Botti, Pthnmiognphim, XXXIX, 1898, p. 77) 
aaaignod tliia name to the Indian ipacie*. which hat b*»n ideutifod by Wangmi (Joe. rit. p. BBS) with P. HumbeUH, 
Orb. Niltttin (Htm. da Com. Geol. dt la Rant*, St Prffcmbonrg 1890, V, No. 6, p. 169) likewiM rafnaad to idoatifj 
the Indian and Btiauan P. Kamboldti with d'Orbignjr "a South American ipceiaa. 
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This species, to which a new denomination will have to he assigned, differs from 
d'Orbigny's type species as well as from the Russian P. Humboldti, Keyserling 
(Petsohoraland, Joe. cit. p. 201, Taf. IV, fig. 3) and from P. Waoge.nl. The tubercles 
are strongly elongated, much more numerous and clustered together quite closely, 
without exhibiting an equally regular quinouncial arrangemont. The difference in 
the ornamentation of the marginal and visoeral portions of tho ventral valve is less 
distinctly marked, than in P. Humboldti, and considerably less strongly, than in 
P. Waageni, P. terialis, P. Abiehi or P. gangetievt. Concentric plications are dis- 
tinctly dovolopod in tho lateral parts, but do not extend to tho middle portion of the 
ventral valve 

This fact is of some interest in connection with tho geological distribution of 
P. Humboldti, as it seems to prove that the true P. Humboldti is entirely confined 
to carboniferous deposits, whereas it is represented in geologically younger strata by 
other forms, which although belonging to the same type, are yet specifically distinct, 

3. Pkoducttjs of. serial! s, Waagen, PL I, fig. 4. 

]88L Pmdtchu ttriaiU, Wupi, Bolt Rug* PouIU, P*Lnontolo(U Indie*. Produfltai Ubhiwm Po«>ili 

nr. xiii, I, p. 700, PL LXXIV, <Lj. 8, PL LXXV, Jig. 1, 2. 

The materials of this spooios in the Himalayan collection are so insufficient that 
the determination itself can only be admitted as provisional. 

The incomplete fragment of an external cast of tho dorsal valve, which servos 
for description, exhibits an ornamontation similar to that of P. leriali*. The ontire 
valve must have been of a comparatively large size, scarcely less than 45 mm. in 
length, and 65 mm. in breadth. That it cannot belong to a variety of the preceding 
species (P. gangetieua), is proved by its distinctly concave shape, a» character, which 
is common to P. Abiehi Waag. and its allies. 

In the sculpture of the oast two oharacters are most strongly marked, a very 
conspicuous difference in the ornamentation of the central and marginal portions, 
and the presence of distinct concentric folds. The central part of the oast is covered 
with coarse, elongated tubercles, which are club-eliaped and quincuncially arranged. 
In tho marginal belt the tubercles are much more numerous, smaller and roundish. 
The shell must have been covered by corresponding pits in the marginal, and furrows 
in the visoeral portions. 

In comparing this fragment with P. eerialit, I am woll aware, that it does not 
agree with the latter in every respect. But Waagen's species itself has been founded on 
three specimens only, which deviate from each other by certain peculiarities in their 
sculpture. As the differences between Waagen's specimens themselves are barely 
less remarkable than those between them and my fragment, I deemed it best to leave 
the latter with P. terktlit, which is altogether a more loosely defined species, as has 
been admitted by Waagen, than others belonging to the genus Produetut. 

Locality, number of tpeeiment examined. — N.W. Kiunglung enoainpLng 
ground, S. W. Niti Pass, 1. 
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Bemarki. — Product ut serial i$ is quoted by "Wan gen from the Cephalopoda beds 
of the upper Productus limestone (Jabi beds). Although my fragment is not 
directly identical with this species, it may be worth mentioning that its nearest ally 
has as yet only boon found in bods of permian age. 



II. Section : SPINOSI. 
1. Pkoductus cp. Cakorini, Verneuil, PI. I, fig. 5, 6. 

1812- Produelut ipinatni, Kutorga (non ftu»»rljr), V«rb. kaia. raiotrel. 0«*. St. Pstenlmrjt, p. 18. 
pi. V, Og. *• 

1845. P. Canerini, VaroenU, id Mnrcbieon, B. do Tarneoil et A. eomte da KcTMrtrng, GdologM de la Bnati« 

d'Borop*, Vol II, PaUSontologw, p. £73, PI. XVI, 6g. 8, PI. XVIII, fig. 1, 
184ft. P. Canerini, K«Ja*rling, WiaaetucbafUuha Bnobittbtangen »nf ei»«r Beiee in ilnn Pat «hn rid mid, St- 

Pelerrtxnrg, p. 206, Taf. VIII, 6g. 7. 
18-17. P. Canerini, L. it Kovinek, Hooogmphie dee grata* Prednetnt ti Clontttt. p. 105, PL XI, &>. 8. 
1878. P. Canerini, L. de Koninok. KanretlM notice* in lea foeailsi da S;itit«r^e, 1!bU. Acad. Boyalade 

Balgioue, Vol. XVI, Pt. ii. p. 682, fig. 3. 
1858. P. Canerini, Dnyidiwn, firitwh fouil Bmekbpad*, Pi. IV, Permian BrecLlopodit, p 47. 
1861—63. P. Canerini, Ottaitt, Djai, p. 101, Tat XVI II, fig. 22—27- 
1860. JP. Cincini, Geiniti, Oarbonformation and Dyan in Nebraska, p. (1, Tab. IV, Sg. 6. 
1872, Prodnetnt perttmu, Mwk and Haydcn, pro parte. Final Export of the V. 8. Qcologioal Saivey of 

Mabrwka, p. 164, PI. I, 8*. 14 (non PL VIII, fig. 0). 
1874. P. Canerini, Tonla, Kohlenkatk and Z*eb«toin-Fo»iliRi aa* dm Ilanunnd an derS.W. Kurt* too 

Spitibergeo, Sitipbor. Kail. Akad. d. Wiea. Wiea. LXX, J«nih»ft, p. It, fig. 9. 
167*. P. Canerini, Tonla, PenBO-CarboB-Fmeilian von dar Wertkfiate Ten SpiuUrgep, KeoM Jahib. f. 

Mia. 1876, II. Bd. p. 881, Taf. Till, fig. 7. 
1886. P- Canerini, Teehemjaeheir, Per pttmiiebe Kalketrin in OooTtrBeBimt KoetKtra, Sepnrat.UJr. 

Tarh. d. Kai». Mineral OawllMib. L St. PeUnbiirg 1884, p. S3, Taf. XVIII. fig. K, S8. 

The materials of this species in the HimAlayan collection are too scanty to 
allow tho determination to be made with accuracy. 

There are only two ventral valves availablo for description, and they are not 
completely preserved, the cardinal region haring boon broken off in both of them. 
They are not very strongly vaulted, and probably about as broad as long. A very 
flat mesial sinus is faintly indicated, as it is mentioned by Count Keyserling in the 
flat variety of this species, distinguished by the presence of a shallow sinus and by 
very elongated spines. The (specimen PI. I, fig. 6, is of the oblique shape, 
attenuated towards the apex, which is mentioned by Verneuil as being frequently 
met with in specimens of P. Canerini. 

The most oharaotcristio feature is tho sculpture, which agrees perfectly well 
with that in P. Canerini. The surface is covered with numerous, delicate, 
longitudinal stria), which are frequently dichotomous and are interrupted by 
elongated, cylindrical spines. In the smaller specimen (PI. I, fig. 6.) this sort of 
sculpture is particularly well exhibited. In the visceral part there are about 20 stria? 
in a space of 10 millimetres. The numerous, longitudinal spines are arranged 
qutncuncially. Their base is either formed by two separate striae or by a single one. 
In goneral the sculpture is exactly of a character, which has been justly compared 
by previous authors with a fur cape, trimmed with ermine tails. 
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This ornamentation points to a group of forms, which is represented by P. kon- 
inckianu$, Keyserling (Wissensohaftlicho Beobaoh turigen auf einer Reise in das 
PetBohoraland 1876, p. 203, Taf, IV, fig. 4.)' in the carboniferous and permo- 
carboniferous' and by P. Cancrini in the permocarboniferous and permian strata. 
Thoso two species resemble each other very closely. Among all the characters of 
difference, which have been enumerated by Count Keyserling, only one invariably 
holds good, according to Tschernyschew's opinion, and this is the shape of the 
dorsal valve. In P. koninckin»us (= ? P. VUUerti Orb.) the dorsal valve is 
regularly vaulted, whereas it is distinctly genioulatod in P. Cancrini, 

As my specimens consist of vontral valves only, my determination must be 
based on a combination of the loss characteristic points of difference which I quote 
from Keyserling's memoir. According to his description, P. koninckianutis smaller 
than P. Cancrini, as a rule not longer than 20 mm. and much more strongly vaulted. 
Its lateral parts are of a semicircular shape and its apical region is more strongly 
contracted. The striic are more delicate and numerous. In the visceral part of 
the shell 20 striae may be counted to a space of 2 mm., and 4 between two Bpines 
of the same transverse row. My larger specimen is at least 25mm. in length. 
Both of my shells are moderately vaulted, their lateral parts are not bent inwards, 
and the number of their striae is only 6 in 2 mm., or 2 between two spines of the 
same transverso row. I consequently prefer to identify my specimens with P. 
Cancrini, although only a very slight importance is attributed by Tschernyschew 
to all the above mentioned characters. 

Among tho section of the Produeti temireticulati there is a small group of 
forms, which in their sculpture are similar to a certain extent to the group of P. 
Cancrini. Among them are especially P. Plemingi Sow., 1 and P. carbonaritu de 
Koninck (Prod, et Chon. p. 90., PI. V, fig. 4), to whioh my two specimens might be 
compared. One of the Produeti in 8trachoy'e collection has been considered by 
Salter (Paleontology of Niti, p. 63, PI. V, fig. 11) as belonging to one of these 
species, but Salter's figures are absolutely insufficient for ascertaining tho accuracy 
evon of the generic determination. I do not think that my foBsils can be 
attributed to either of those two species, from which they differ by tho absence of 
any concentric striae, and by their elongated spines, whereas in P. carbonaritu the 
tubes are rather short and narrow. 

Another question still remains to be settled whether our specimens ought not to 
be attributed to Strophalotia morritiana, King (A Monograph of tho Permian Fossils 
of England, 1850, p. 99, PI. XII, fig. 18—32). As has boon rom-irked by King, 
Geinitz (Dyas, p. 101) and Toula, Strophalotia morritiana and Product ui Cancrini 

» TtckentjfuitK (Dor normiicha Kilk.trin ran Kortromn, p. 34) id«nti6« P. t-».»a .<j»h. villi J». Tillitrti 
d'Otbfcroy (Voj.*, d.nt r*ra<fri<i'»e MendioiuU, Pohfootobgio, 1873, PI. IV. fig. 13. U, p. 63). 

• Count K.jonliog comUerod P. kaainrtiainu to ki eorboaifaroui •peci«. T«h«rnyich»w, homnn, promt 
tlit bed* from which it hu bora oolWrd in th, Time*, to bo of pfrmonrtxroibroua oge (Trorwi eioentoo mi Tim**. 
m 1889. Boll. Cod. GeU de 1» Roteie. Si. Pdtenboarff, IX, 1880. p. 83). 

Ho tin quotoe it from the peonocbonif.rooo dolomite limurton. horizon of tho Con {ml Urol (Men. Com. 04oL, 
St. PoUr.bo.rK, III. No. 4. p. 961). 

' It. dt M, MoDngnphio d«i Keoret Product* et CW«, p. 9S, PL X, tig. 3*, h, o— I, fig. S h. 
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are much moro nearly related to eaoh other, than might be supposed from their 
attribution to two different genera. According to Geinitz the distinction of young 
specimens is even very difficult. The apical region having not been preserved in any 
of my specimens, their most distinctive characters, ins., the presence of a point of 
attachment and of a distinct area, cannot be noticed. The only point I can 
insist on, is the absenee of any concentric wrinkles in the sculpture of my shells, 
whereas in none of King'B type specimens of S. tnorruiano are concentric wrinkles 
or striations entirely absent. 

There is yet another argument in favour of an identification of the present 
specimens with P. Cancrini, and this is the fact that the genus Strophalotia seems 
to bo altogether absent in the carboniferous and permian bods of the Himalayas, No 
Strophalotia is mentioned by Davidson among Godwin- Austen's large collection of 
carboniferous fossils from Kashmir, nor is one single species of this genus contained 
in the rich fauna of Chitichun.No. I of ponnoearboniferous age. This is a strong 
evidence against the probability of the present specimens belonging to Strophalotia. 
I consequently deemed it preferable to identify them with P. Cancrini, although they 
are not sufficiently complete to warrant a certain identification. 

Locality, number of specimens examined. — N. W. Kiunglung encamping 
ground, 8.W. Niti Pass, 2. 

EemarkK — Product** Cancrini is among the most characteristic permian specie*. 
L. do Koninck (L c. p. 107) even compares it to P. giganteus in the lower carbo. 
niferouB regarding its geological importance. Murchison, Verneuil and Count Key- 
serling collected P. Cancrini in the lower permian strata of Russia at a large number 
of localities. Tschernyschcw mentioned it from the lower permian rocks of Kostroma. 
Geinitz quotes it from the Weissliegendein Germany and from Marcou's stago Co II 
of his section at Nebraska city ; but this identification of the American species with 
the true P. Cancrini has not been left unopposed. It is moreover mentioned by L. 
de Koninck and by F. Toula from Spitsbergen (Bo)sund, Hornsund), where it occurs 
in beds of probably ponnoearboniferous age. It certainly does not descend into car- 
boniferous strata, but its occurrence in permocarboniferous deposits can scarcely be 
doubted. In the Artinsk stage of Russia which must serve as a prototype of the 
permocarboniferous horizon in Europe, the closely allied P. cancriniformU takes 
the place of P. Cancrini, but in the Timan the truo P. Cancrini has been collected by 
Tschernyschcw in oolitic limestones and marls which correspond in age to the 
permocarboniferous limestone-dolomite horizon (C Po) of tho Ural, following there 
immediately abovo the Artinsk marls. 1 

In the Product us Limestone Formation of the Salt Range P. htmidus, Wangen 
(Salt Range Fossils, Pal. Ind. ser. xiii, I, Prod. Limest, Foss, p. 708, PI. 
LXXX, fig. 1-8) seems to be a representative of tho Russian P. Cancrini. When 
introducing his Salt Range species, "Waagen placed it among the section of the 
horridi, but considered its systematic position to be " to a certain extent doubtful." 

• Tk. TteUmttier, Turaux Mtfcotfc »a Timut en 1BS9, BalL Comitf G<Sul. 4»l» Btuti*. St P<tant«iifg. 1830, 
IX, p. S3. 
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It was only after Tsohernvschow's paper on the permian fauna of Kostroma had 
been published, that ho was Btruck by the strong similarity of P. tumidut with the 
figure of P. Vanerini given by Tschcmysohew. *• The same wavy lines "—ho 
remarks— " the same irregular distribution of spines are exhibited by both figures. 
Whether there exists, however, a real identity, I am not able to decide, as no authen- 
tic specimens of the Russian form are at my disposal for comparison.'" 

To me an identification of the two species does not appear advisable. Waagen in 
his description of P. tumid** states the dorsal valve to be deeply and regularly con- 
cave, whereas it is distinctly geniculate in P. Coverini. Thus P. tumidut is brought 
into a similar relationship with P. Cancrini as P. koninckianut. That all these 
species are very nearly allied to each other cannot be doubted. 

P. tumidut holds a geological position similar to that of P. Oancrini, having been 
collected in the Virgal and Kalabagh bods of the middle Productus limestone and 
in the Cephalopoda beds of the upper Productus limestone. 

5. Productus cahcrinipobius, Tsohernyschow. 
PI. I, fig. 7 a— d, 8, 9 a— d, 10 a— d. 

1889. Product** cameriMifarmit, T«ch»rayieh«tr, AUgtmeina gaoloffiMha Karta too Rowland, Blatt 1J9, 
Beecbraibumc dtt Central- Crali nod d«a WaaUbbangea, It taoiraa da Comita* gtolociqaa de la 
Rwaie. St Ptenbowrg. HI, No. «, p. 37S, PI. VII, fig. 39. S3. 

188L J>. MiVuMm, (Howae) ear. Orietbaab, Geology ot tba C antral HimaUju, M«n. Oaol. 8ir». of 
I.dia, XXIII p. HI. 

1898. P. eamerimi/irmit. 8ch«11*icn, Dia Panaa dn Karsiaebas Punlinntkalki, P«ht-ust^»pbioa, SS Bd. 

p.2S.Tat VIIL fig. 80. 81. 
ISM. P. tittticv*. Frwb.wr part; la B. Sihm, Beitnag* Zar Stntignpbie Caotral-Atienj. Dcnkaehr. kaia. 

Akad. i. Wm. Wiae, LXI, math, oat a p. 4M. 

This is the most common species of the present genus in the Productus shales 
near Kiunglung encamping ground, where slabs of rook are made up entirely of its 
shells, associated with Spirigerella Derby i, Chonetet Vishnu and Aviculopecten 
husmalu. 

Its dimensions are always moderate, and specimens as large as the one figurod 
on PI. I, fig- 9 arc exceptions. Its shape is extremely variable. Although most of 
my specimens are somewhat deformed, it is not difficult to reconstruct their proper 
outlines. They are, as a rule, longitudinally ovaL Specimens, which are a little 
broader than long, are rather rare (fig. 10). Usually they are longer than broad, 
the disproportion in these two dimensions being sometimes very considerable. 

The ventral valve is more or loss strongly convex, in some of my specimens 
nearly spirally inrolled, provided with small auricular expansions, and with a 
short, barely prominent apex. The hinge line is ^always shorter than the 
transverse diameter of the shell. The lateral parts ascend very steeply, in some of 
my specimens quite perpendicularly from the margins towards the highly elevated 
visceral portion. A median sinus is completely absent. The dorsal valvo is dis- 
tinctly geniculate, as in the typical representatives of P. Cancrini Vem. 

• r. W**s~, Salt Baog. Po-fr, PaL Ud. «.. i.ii.IV. GaotogieaJ Raaolta, g. W. 
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Tho sculpture differs from the ornamentation of the shell, exhibited in P. Can- 
erini, by the presence of strong, concentric folds, which are often undulating or 
wrinkled, and extend from the wings and lateral margins across the entire shell. 

The measurements of an average sized specimen are as follow :— 

Length af the ibeil in 1 itnii;bl lio» 18 aim. 

•»«■» tb* earn 82 « 

t* i* w* fc' n B* l'oe • t 11 „ 

ThickMM at tho 7»«tr»l nln 10 „ 

Oretttat br«dt)iof the. hell 17 „ 

So variable do the shells composing tliis species appear to be, that in spite of 
their striking similarity with the typical P. eancriniformie I did not dare at first to 
identify them with Tsohcrnyschew's species without materials of the latter available 
for comparison. I am therefore greatly indebted to Professor Tsohernyschow for 
having examined my type specimens (including the specimen from the Gussass 
River). lie fully confirms their identity with his P. cancrintformii. 

" Tour Indian specimens of P. eaneriniformtM "—he writes—" do not differ in 
any way, according to my opinion, from our Artinskian form, although they are 
somewhat deformed and not so well preserved as our examples from the Ural 
Mountains. In all your specimens tho wrinkled transverse folds are distinctly as in 
our Russian representatives of tho species, and a row of thin and closely arranged spines 
is placed along the cardinal edge. The geniculate condition and sculpture of 
the dorsal valvo agree perfectly well with that of the Artinskian species." 

Having obtained from Professor Tsohernyschcw tho loan of his type specimens 
of P. cancrintformit, and having compared them with my Indian examples, the 
result was, that I could perceive no difference in their essontial characters, and I 
consequently fully agree with the opinion of this learned author in believing them to 
be identical. 

Locality, number of ipecimen* examined.— N.W. Kiunglung encamping ground, 
8.W. KitiPass. 

JUmark*.—Tl\o differences, whioh exist between tho present species and its near- 
est allies, have been described by Tscbernyschow so excellently, that I have nothing 
to add to his valuable observations. 

P. eanerinifornm is a very characteristic species of the Artinskian horizon in the 
Ural Mountains. Outside of Russia it has been mentioned by 8chcllwien from the 
Carnian Fusulina limestone of the Krone, of upper carboniferous age. 

In Central Asia this species is represented among the fauna of the braoliiopod- 
b oaring limestone near the Gussass Rivor (western Kuen Lun Mountains). One of the 
specimens collected by Bogdanowitsoh and identified by Freeh with Product u» tibeti* 
cut, which belongs to the geological collections in the museum of tho Vienna univer- 
sity, agrees in evory roe poet perfectly with my Himalayan specimens from the Produo- 
tus shales. It is tho specimen, figured on PI. I, fig. 7 a — d. Whether P. tibeticut Freeh 
ought to bo placed altogether among tho synonyms of P. canoriui/ormi*, I do not ven- 
ture to decide, as Freeh's type specimen {loo. eit. fig. 10) is not available to me for com- 
parison. To judge from the figure, I should think that the difference in the outlines 
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is not in favour of their identity. Nevertheless P. tibetioui is oortainly most nearly 
allied to P. cancrittifortni*. They agree hoth in their sculpture and in the geniculate 
curvature of the dorsal valve. The hipartite cardinal process in the smaller valve is 
also a peculiar feature of the group of P. Caneriui.' The similarity with the devonian 
Productella Hermince, which has heen notioed by Freeh, is less conspicuous, although 
it cannot be denied. 

The occurrence of P. cancri»iformi* in the fauna of the Gussass River is not with- 
out interest. The limestones containing this fauna have been reported by Bogda- 
nowitsch to overlap unoonformably all the older beds including carboniferous strata 
with P. semireticulatut (horizon of P. Cora), but the fauna itself has been consi- 
dered by Freeh as not adapted for any determination of its geological age. The fos- 
sils described by him are the following :— 

Prodmetu* tiMU**, Freeh. 
Str e j>tortjnein* difjicili,, Freeh. 
Ortkit nop. ip. aff. ittdiea, VVaag. 
Martinia pU»oeon>*ta, Shumard. 

The last mentioned species passes in its typical shape from devonian into per- 
mian deposits. The rest of the species, which arc new, exhibit equally strong affinities 
to permian as to devonian forms. The presence of P. oancriniformig is therefore of 
considerable geological importance, as it leads to the conclusion that the limestones 
of the Gussass River must be placed either very high in the carboniferous series or 
more probably even on a level with the permocarboniferous or permian strata of 
other countries. 



Suborder: HELICOPEGMATA, Waagen. 

Family: SPIRIFERIDJB, King, 
Subfamily: DELTnYBIN.B, Waagen. 

Genus; SPIRIFER, Sowerby. 

Although representatives of this genus are not very numerous in the Himalayan 
ProduotUB Shales, six different species may be distinguished among them. Of these 
six species only one has been previously described, throe are new to science, whereas 
the determination of the rest can only be admitted as provisional, regarding tho in- 
sufficient materials. The majority of the species belong to tho group of Spirifer 
fatciger, Eeyserling. 

• Vile (Muitt, Vpm, TW. XVIII. fig. S3 », p. 10L 
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o. Group of SriUIFER STRIATUS, JIaut. 



1. 8PIBIPBR El VAN A hot. sp., PL TH, fig. la, ft, <?, fig. 2. 



Iftt6. Spirifir »ot. tp. n. off. Sp. Mmrtvui Dinar, DrakMhr. K*i*. Altad. d. Ww. Wi«n. n»th. n»t. CI, LXII. 
p. 695. 

The present species is very nearly related to Spiri/er Harcoui, Waagen (Salt 
Range Fossils, Pal. Indies, ser. xiii, VoL I. Prod. Limest. Fobs. p. 510, PL 
XLVH), and it is only a matter of taste, whether the differences between them be 
admitted or not as sufficient for the distinction of two separate species. 

The Himalayan type specimens differ from Spiri/er ttriatug Mart. (L. do 
Koninck, Faune du calcairo carbonifcre de la Belgique, Annales du Musee d'hist. 
nat. de Bolgique, XIV, pt. 6 Brandies, 1887, p. 112, PL XXIII, fig. 1, 2, 
PL XXVII, fig. 1) by the same characters which induced Waagen to separate 
Sp. Marconi from Martin's species. Their most oonspiouous peculiarity is the 
doop sinus of the ventral valve. It is sharply impressed in the middle and 
limited on both sides by obtuse ridges or folds. Two or three similar, very broad 
and flat ridges or folds are distinctly indicated in the remainder of the shell. 

The radial striation is of exactly the same character as in Sp. Morcoui. All 
the ribs are likewise crossed by strong, imbricating lines of growth at irregular dis- 
tances. 

The apical region of my type specimen is strongly corroded by weathering ; no 
exact idea of its shape can consequently be got. It is due to this circumstance 
only, that the apical angle appears to be so extraordinarily large in this specimen. 
Tho area is very broad, distinctly oonoavo, and covered with horizontal stria? 
intersected by numerous very delicate vertical lines. The triangular fissure is bor- 
dered by margins of nearly equal length, and is covered up by the rocky matrix. 
It can therefore not be observed, whothor a pseudodeltidium has been present or not. 

Neither tho dorsal valve, nor any of the internal characters are known to me. 



Tho measurements of a tolerably complete vontral valve from Kiunglung 
encamping ground (PL III, fig. 1) are, approximately, as follows :— 



The only points of difference between Sp. Mareoui and my Himalayan speci- 
mens consist in the concave shapo of tho area of tho latter, and in the presence of 
broad, shallow ridges or folds, following the direction of the stria?. By the 
presence of these folds a certain similarity is exhibited between our species and Sp, 
muMkhelenrit, Dav., and its allies. But this similarity is only a rather distant ono, 
as in Sp. Havana the folds do not correspond to separate bundles of striae. From 
Waagen's type specimen of Sp. Jfarcoui my specimen from Kiunglung differs, 
moreover, by its considerably broader area. But tho breadth and shape of the area 
very small importance among tho Spiriferidte, and in many 




70 n>o. 
120 „ 



„ farwulth „ „ H 
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species it varies so considerably, that it cannot bo considered as being of any specific 
value. I only need to mention BittnerV dotailod examination of the variability of tho 
area in Spiri/erina (Mentzelia) Mentzelu, Dunker, or among Himalayan species in 
Spiriferina Qrietbachi* from the upper trias of Kumaon and 8piti. 

With regard to the breadth and shape of tho area Sp. Havana absolutely agrees 
with Maroou's typo specimen of Sp. Marconi (Geology of North America, Zurich, 
1858, p. 49, PL VII, fig. 2, 2a.) from Pecos village (New Mexico), and with Sp. 
Marcoui, Tschornysohew (Mem. Com. Geol. de la Russio, St. P&ersbourg, 1889, 
III, No. 4, p. 307, PL V, fig. 5) from the Artinskian deposits of the Central 
Ural. 

If nevertheless I think myself justified in considering the specimens from the 
Himalayan Productus shales as belonging to a distinct species, it is by reason of 
their particular sculpture, vis., the presence of folds, which are certainly absent in 
the true Sp. Marcoui. 

Locality, number of tpecimeiu examined.— N. W. Kiunglung encamping 
ground, 8. W. Niti Pass, 1 ; south of Dharma XI, Lissar Valley, Johdr, L 

Bemarki. — Among the materials collected by Payor in the pormocarboniferous 
rocks of the South Cape of Spitsbergen and described by V. Toula, which now belong 
to the collections of the Imperial Museum of Natural History in Vienna, there 
are two ventral valves, which must be attributed to Spiri/tr Marcoui. On the 
labels attached to them they are marked as Sp. TFilczeki, Toula, but the true Sp. 
Wilcseki is a perfectly different species, as may be seen at once from a comparison 
of Waagen's type specimen of Sp. Marcoui with Toula's figure (Kohlenkalk-Fossili- 
en von der Sudspitae von Spitzborgon, Stzgsber. Kais. Akad. d. "Wiss. "Wien, 1873, 
PL I, fig. 3). In these Spitzbergen shells the deep sinus is not Bharply impressed 
in the middle, but rounded, as is likewise frequently the case in Sp. Marcoui. They 
agree very well with the latter species, from which they only differ by their distinctly 
concavo area, recalling in this respect my Himalayan Sp. Havana. 

Tho large geographical distribution of forms, identical or very closely allied to 
Sp. Marcoui in beds of upper carboniferous, pormooarbonifcrous and permian age is 
not without interest. 

6. Gaoup op SPIRIFER PA8CIGER, Keyserling. 

2. Spibues MtJSiKnBtBXSis, Davidson, PI. Ill, fig. 3, 4, PL IV, fig. 1 a, b, 2, 

PI. V, fig. 1. 

1883. Spiriftr MwkUUeiuU, DaTidwn , Quart. Jwro. 0«J. 800, Won, XVIII, p. 2S, PI. II, 

fig-s. 

1303. Sf. JfooMJMdibMU, (Dev.) ; L. de Koniook, Memoir, ear lot f Mailt* palfctoiqnM, rteeoiUi* cUoi 
l'lndo, p. Si, PL XI, Eg. 2. 

1866. Sf. Moo*akkaii*uu, Bejrioh ; Cher tin* KohUntadk f»ao» too Timor, AbhudlgB. Kdnigl. Akmi. d. 
Win. Berlio, 1887, p. 77. Tei. I, 6g. 7. 

» A. J»itN.r,-Br«hU.podem der Ayi** Trie* Abbtadlga. k. k. geol Reiebe.-Aurt. Wiea. XIV, 1890. p. 83. 
Tm. iXXIV, tg. l-SS. 

• Dtnlockr -KaU. AkJ. d Wm. Wieo, 1886, mati. art. CU, IMl p. tW. 

t2 
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18*5. Sp X-tkhail,**: Stolieik. ; G«.l«gic»1 uctiont itron th* Him*!.?™ MoonUii.. «tr , Mm.. tool 

8«rr. of !<idim V.Pl.i.p.27. 
1B66. 5>. 3f«ew*fa«»'»iM«'«, D»»h1iod ; Quit. Jonrn. G*o>. Soc London, XXII, p. 41, Pi. II, 8g . 
1873. Sp. Hruttut (JUrt.); TooU, *r parte, Koblrni«lk-Po«ilUn too in Bodipitx* tod 8| ittbergrn 

6it«g»b«r. Ku«. Ak«d. d. Win. Wi*n, math iuO. tl.. LXVIII, p. S70. 
1881. Sp. timarma, K. Miutin ; Die T«Bt«lo«riii»|t»fiiht«id^n 8«din»nU TSmon, 8«mmlnC(fo dn B#ich» 

Mowom. is L»jd*n, 1881-88, Bd. L (b>iliig» m Owlogi. tot.-A.i.o. and At»tr.li«»>. p. 41. 

Tkf. II. fi«. 7, 8. 

1883. Sp. Sltutiknlmh, W*»geii ; Salt Range V<mSL; PiL Indiea, m. xiii, I, Prodaotna Limsrtooo- 
Fom.. p. 612, PL XLV. 

1891. Sp./attigtr (Kajaeil.) ; 8ch»l)wiro, u parte, Die Tint dti kanii«h«n FnaaUaeukalki I, PaliBOntogra- 

pfeiea, SV BJ.. p. 12, Taf. V, if. 3, 6g. 2). 
1898. Sp KwitArff*"*". Rnthpfeti: !>'«■ Perm.-Trua and Jam-Formntion attf Timor onl Botti, Paleoato- 
giaphica, 99 Bd , p. 79. Tif. IX, n«. 1, 2. 

This is the commonest species of the genus Spin/er in the Productus shales 
of Kumaon and Gurhwal, hut, strange to say, it is represented hy ventral valves 
only in Griesbach's collection. 

To Waagon'R excellent description of Sp. mmaJtheUntit 1 have but very littlo 
to add. Among my specimens the one figured PI. IV, fig. 2, almost perfectly 
agrees with the typical form (PL XLV, fig. 1, 2 in Waagen's memoir). That the 
variability of the species is rather great, may be clearly 6een from a comparison 
of the rest of my figures. In their chief diameters, however, all my specimens 
agree pretty well among each other. As such characters, which permit a pro- 
visional distinction of Sp. mvsakhelensit from its nearest allies, I consider the 
presence of broad flatly rounded folds, each of which corresponds to a bundle of ribs, 
and the erect, lamclloso condition of the stria? of growth. In all of my specimens, 
even if the shell appears to be perfectly well preserved, the ribs, though boing 
of very different strength, are always more or less distinctly rounded on their tops, 
but never sharp. In the majority of my specimens the lamellose character of the 
stria* of growth is well exhibited. It is excellently developed in my largest speci- 
men (PL V, fig. 1), whereas it is barely at all observable in the specimen figured 
on PL III, fig. 4. A character, which may be noticed in the majority of my 
specimens, is the presence of a median rib in the bottom of the sinus, which in 
strength slightly surpasses tho neighbouring ones. 

Much difference of opinion has been expressed, as to the specific value of 
Spirifer mutakhelen$i». Thus in 1889 it was placed by Tschernyschew (Memoires 
du Comitc" Geol. do la Russia, St. Pdtersbourg, Vol. Ill, No. 4, p. 866) among tho 
synonyms of Sp. fatciger Koyscrling. The same author added Sp. tegulatus, 
Trautschold (dio Kalkbruche von Miatechkowa, Moskau 1876, p. 80, Taf. VIII, 
fig. 6) to the synonyms of Sp. fatc>ger, whereas by the generality of palaeon- 
tologists tho three had hitherto boon maintained as separate species. 

Waagen considered the erect, lamellose condition of the stria? of growth as 
a specific character of the Indian shell and of Sp. tegvlatu$, supposing thorn to be 
constantly absent in Sp. fatciger. The figures giving by Count Koysorling's 
(Pctachoraland p. 231, Taf. VIII, fig. 8, So, 3A), by whom the latter species had been 
introduced, represent either young or very imperfectly preserved specimens, from 
which no adequate idea of the species can be got. Neither he nor Gruenewaldt, who 
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reproduced a figure of a better preserved though incomplete fragment, 1 mentioned 
in their descriptions of Sp. fatciger the presence of lamellose stria of growth. 
TBcbornysohew, however, who examined a largo number of specimens, attributes 
the absence of a lamellose sculpture to their inferior stato of preservation, stating 
explicitly that among his materials specimens with distinctly lamellose stria? of 
growth are frequent. According to his view even the peculiar sculpture in Sp. 
tegulatut, resembling a tiled roof, is only due to the excellent state of preservation 
of Trautechold's type specimen. 

Nikitin (Mem. Com. geol. de la Bussie, 8t. P^tersbourg 1B90, Vol, V, No. 6, 
p. 161) and Schellwien* coincide with Techemyschew in the belief, that Sp. tegula- 
tut and Sp. mutakhelentit are nothing more than different states of Sp. fatciger, 
in which the shell has attained a more or less strongly marked lamellose con- 
dition. On the other hand Rothpletz (Palosontographica, loe. cit. p. 9), who cannot 
be considered an advocate of a very narrow circumscription of the single spcoios, 
did not dare to unite Sp. fatciger and Sp. mutakhelentit, observing that the sharp 
folds in the ornamentation of the Russian species might constitute a specific charac- 
ter of difference. 

Notwithstanding Tschernyschow's and Schellwien's contrary opinions, I havo 
made use of Davidson's name for my Himalayan shells. 

If we set aside the lamellose character of the strue of growth, there still 
remains as a distinguishing feature the character of the folds corresponding to the 
fasciculi of ribs. Grunewaldt states, that in his specimen of Sp. fatciger from 
Ssaraninsk these folds are roof-shaped, with acute edges. In Ifeohcrnysohew's 
figure (Ph V, fig. 4) this acute character of the folds imparts to the front margin the 
shape of an angular zig-zag bent line, whereas in Sp. mutakhelentit the folds are 
always rounded, at least in full grown individuals. Nor do any of the Himalayan 
shells absolutely agree with Tschernyschow's figure regarding the character of the 
minor ribs, which appear to be of a more acute shape in the Artinskian specimen. 

I am well aware that very different opinions may be expressed, relative to 
the specific value of the characters mentioned. . Without denying the possibility of 
Tschernyschew's view being the more correct, I may only remark, that, by following 
his opinion, wo should obtain a very variable species. Nor should we be justified 
in retaining Sp. potMriatut, Nikitin {loo. cit. p. 167, Taf. II, fig. 16-19) as a distinct 
species, Sp. pottttnalut differs from Sp. fatciger, only by the flattening of its ribs 
in the lower portion of the BhelL, A comparison of Nikitin's figures with illustra- 
tions of Sp. fatciger and of Sp. tegulatut will show at a glance, that the differences 
between the two latter species are the more conspicuous. It might even bo 
taken into consideration, whother Sp. eameratut, Mcrton, and its American allies 
ought not be united with Sp.Jatciger, whioh they certainly most nearly approach. 

1 M. ». GruriumJJt, Beitrageiu Kenntniat in tediiDtnUreo Qebirjrifonn»tlooeii in den Berghtoptmenii. 
•ehaften JrkitboruiBurg, BUtourt eta, Mfm. Aeed. iapor. de* ecitMei. 8t. Pfcwbourf 18S0, tor. rii, II, No. 7, 
p. 97, Tef. V, fig. 1. 

* Die Fun* dee KtnMhtn FatulinenktUt I. e. p. 42, end: Ue'-er tint ugtbtiebe Kohlotkelk-feuni »tu in 
ugrftiKh-MlMMheo Watte. Zeiitobt. Ueabeb. Geol. Gee. 1894, XLVJ, p . 7 J. 
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In this case a species is obtained, including a multitude of types, to which, of 
course, varietal denominations will presently be applied. Later on these varietal 
denominations will probably be developed once more into specific ones, disputes as to 
priority following almost certainly the re-introduction of the former species. I 
consequently deemed it more practical to retain the original separate denominations 
for such forms, as long as they can actually bo distinguished. If I apply the name 
Spirifer mutakhelentu to my Himalayan specimens, every palaeontologist will 
know at once that neither forms with the particular sculpture of Sp. tegulatut, nor 
any agreeing with Grunowaldt's and Tschernysohow's figures of Sp. fatciger are 
present among them.' 

I have been confirmed in my view of this subject by an examination of Schell- 
wion's type specimens of his Sp. jatciger (loc. cit. PL V, fig. 2, 3), from Carinthia, 
which I have been enabled to study by the kindness of Professor Edward Suess, 
to whose collection they bolong. As has been justly remarked by Schellwien him- 
self, one of these two specimens absolutely agrees with Trautschold's Sp. tegulatut 
whereas the second resembles more closely Sp. mu»akheleniit. I may add from 
my personal examination that the two specimens differ from each other more 
strongly than appears from their figures, and that I would not havo thought of unit- 
ing them in one and the same species without Prof. Tschornysohcw's authority 
8 upporting their identification. I consequently retain tho Indian denomination 
for tho Carman specimen, figured on PI. V, fig. 3, of Sohellwicn's memoir. 

The measurements of some of my specimens prove that the species can attain 
even largor dimensions than.had boen supposed by Davidson and Waagen. In my 
largest specimen (PI. V, fig. 1) tho breadth of the shell is scarcely lees than 110 mm. 

The measurements of my most complete ventral valve (PL IV, fig. 2) areas 
follows :— ' 

Entire length of the ahaU «•■••*.•• a pp. 88 mm. 

Greatcat braadtb of the abell app. 80 „ 

Apical .ogle 1 1h. r.otr.1 valre 125°. „ 

Locality, number of tpecimens examined. — N."W\ ELiunglung cncamiuni? 
ground, S.W. Niti Pass, 6 ; S of Dharma XI, Lissar Valley, 1. 

Remarks— Spirifer mttsakhelentit is a species of a rathor wide geographical 
and geological distribution. In the Salt Range it extends, according to 'Waagcn, 
tlirough the entire thickness of the Productus limestone, although it is most com- 
mon in the middle division of this rock system. Davidson obtained it from the 
Barus bods in Kashmir (upper carboniferous), Stoliozka from his Killing series 
in Spiti, Beyrioh and Rothpletz from the permian rocks of the island of Timor. 2 
Prof. Suess collected the species in the upper carboniferous Fusulina limestone of 
the Carnian Alps in Carinthia. 

I am glid to aUto, that Dr. Bittncr quito ree*nt]; took exactly the tame new of thie nutter in a eimilar caw. 
lAaellibrioebiataa in elpineo Trial. I. Tb. Beriaioo der Lamellibraachiateii ton St. Cawian, Abhandlgn. K. K. 
g»ol. R«i«K». An»U Wim. XVII, Haft. 1. 1895. p. 97). 

7 I fully agree with Profeeeor Bothpleta in refo.ii.ff to Sp. timamuu a ecparat* epeeifie raiae. Tho •penmene- 
(torn Ajer MaU an far iron printing ao peculiar a type, at La. Uaao eeeomed br K. Martin. 
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Among tho specimens, collected by Payor at the South Capo of Spitsbergen, 
and identified by Toula with Sp. atriatua, there is one, which very nearly agrees 
with my specimen of Sp. mutakhelenaia from Eiunglung, figured on PL IV, fig, 1. 
Although it is more strongly weathered than the latter, it distinctly shows the bund- 
ling of tho ribs, which is not confined to the apical region only, as in Sp. atnatua 
par. attenuate (8ow.) Davidson (British carboniferous Brachiopoda, PI. II, fig. 12, 
13) or in Sp. condor, d'Orbigny (Voyage dans l'Ameriquo mlridionale, III, 
Paleontologie, 1842, p. 46, PI. V, fig. 11—14). On the contrary, like in the true 
Sp. musakhelentia, the ribs in eaoh bundle are more and more augmented by 
bifurcation, as the bundlo approaches the margins of the valve. Near the front 
margins a few lameUoso strise of growth could be noticed. I have consequently 
placed this specimen among my list of synonyms of tho present species. 

In America the group of Sp./asciger is represented by Sp. cameratua, Mort., 
and its allies. Owen considered Sp. cameratua (Geological Survey of Wisconsin, 
Iowa and Minnesota, 1852, PL V, fig. 4) from the coal measures of North America 
as a synonym of Sp./aaeiger; Geinitz (Carbonformation und Dyas in Nebraska, p. 44) 
and Tschornyschew take a similar viow of this question. Nikitin supposes that 
Sp. cameratua may more probably prove to be identical with Sp. poatatriatua. 
8chollwien leaves the question of identity undecided, laying, however, a special stress 
on the description of Sp. cameratua by Meek and Hayden (Final Report of the U. 8. 
Geol. Surv. of Nebraska, p. 183), who explicitly state the absence of any lamellose 
stria; of growth in their American species. 

The Brazilian forms of Sp. cameratua, as described by 0. A. Derby (on the 
carboniferous brachiopoda of Itaitubo, Bull, of the Cornell University, Ithaca, I, 
1874, p. 12) are partly provided with raised lamellose strise of growth, but diffor 
from Sp. muaakhelenaia in the considerably less distinct bundling of their ribs, and 
by tho absenoe of any well marked folds in the sculpture of the shells. 

Sp. condor d'Orb., which E. de Vernouil and Davidson identified with Sp. atriatua 
var. attenuatua, Sow., is added by Derby to his list of synonyms of Sp. cameratua. 
The nearly entire absenoe of the bundling of the ribs make this species indeed most 
nearly approach to the Brazilian Sp. cameratua. Sp. atriatua var. multicoatatua 
Toula (Uobor einige Fossilien dos Eohlenkalkes von Bolivia, Sitzgsber. Kais. Akad. 
d. Wiss. LIX, Bd. 1869, p. 435, Taf. I, fig. 2—1) from the upper coal measures of 
Cochabamba is likewise placed by Derby among the synonyms of Sp. cameratua. 
Although this view has met with the approval of Sohellwion (Zcitschr. Denteoh. 
Geol. Gos., 1894, p. 72) I am not convinced of the identity of the two species, as 
Toula's type specimen (fig. 2) is provided with a sharply impressed sinus, which seems 
to remain angular up to the front margin. A Spirifer from Cochabamba among the 
collections of the Imperial Museum of Natural History in Vienna, whioh I havo been 
able to examine, approaches most nearly Sp. poatttriatua, Nikitin. 

A species from Axel Island (Spitsbergen), which Toula united with Sp. cameratua • 
under a varietal denomination iPermo-Carbon-Fossilien von der Westkflste von 
Spitsbergen, Neues Jahrb. f. Mineral. 1875, p. 270, Taf. II, fig. 3), must be separ- 
ated from Morton's species on account of its very strong folds, each of which is 
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oompoeed of a small number of ribs only. This interesting species might eventually 
prove an intermediate link between the groups of Sp. fatciger and Sp. niger, 
Waagen (loe. cit. p. 522, PL XLVIII, fig. 4—6). 

Sp. cameratut, Toula (Eine Kohlenkalk-fauna von den Barents Inseln, 
Sitzgsbor Kais. Akad. d. Wias. Wien, LXXI, 1875, p. 17, Taf. II. fig. 2) from 
Barents Island (N.W. Nowaja Somlja) will probably have to be united with either 
Sp. pottttriatui or Sp. fatciger. 



8. Spisifbr sp. app. pasoioeho, Keyserling, Ph V, fig. 2, 3. 

This species is but very imperfectly known to mo, being represented in Gries- 
"bach's Himalayan collection by a solitary incomplete dorsal valve. Nevertheless 
I do not dare to identify the specimen under consideration with either Sp. fatciger 
or Sp. mutakheylentit, as it doviatos from them in oertain peculiarities and may 
perhaps belong to a different species. 

The most characteristic feature in tho sculpture of this valve is the large 
numbor of acute ribs, arranged into fasciculi and gradually augmenting in strength, 
as they approach the front margin. This is just the reverse of what one is accus- 
tomed to see in the ornamentation of Sp. fatciger and of Sp. musaikelemit in 
which the ribs are, as a rule, strongest in the vicinity of the apical region. The ribs 
corresponding to the median lino of each bundlo, are more prominent than the rest, 
roof shaped in their transverse section, and provided with sharp edges. They are not 
straight nor do they describe a regular curve but are flexuous and, near the hinge- 
line, even form zig-zag bent or wavy lines. Linos of growth are clearly marked, but 
do not form distinctly raised lamellae. The apex projects but very little above the 
hinge lino. 

The present incomplete valve must belong to a very largo specimen, its greatest 
breadth being about 105 mm. 

To this species I attribute provisionally the fragment of a dorsal valve figuml 
PI. V, fig. 3, comprising a part of its median fold or varix. This median fold pro- 
jects Tory strongly and is pointed into a Bharp, knife-liko edge. 

Although in its gonoral shape and sculpture my type specimen agrees with 
Sp. fatciger, Keyserl., 1 it seems at least probable, that a different species is indicated 
by this specimen, standing to the true Sp. fatciger in a similar relationship, as 
Sp. pottelriatut, Nikitin (Mem. Com. Geol. de la Russie, St. P&ersbourg, 1890, 
V, No. 5, p. 164, Tab. II, fig, 16—19). Whereas this latter species differs from 
Sp. fatciger especially by the flattening of its ribs in the vicinity of the margins, 
my Himalayan specimen is distinguished by their being leas strongly marked in 
the vicinity of the apical region, The differences are, however, but very small, and 

1 Qrtf Ktfttriiug, Wiamiahaftlich* Beabachtangaa auf *ia«r E»i« ia daa Petaehonlud, p. 881, Taf. VIII, 
fig. 8, S a, Sb t M v. QrinNDaldt , BeiU&ge m KMntoiM d«r Hdimtolartn G«birg> form»tioo«n «(&,, M&n- 
Acad. imp. dm kmou*, 8u PAmbour*, I860, >6t. ril, II, No. 7, p. 97, IWf. V, fig, 1; 21. Ttekfrmfeitw 
Him. dm. Grfal. it la Raui*, St. PtfUwioaig, 1SS9, III So. 4, p. 866,.Tal. V, fig. 4. 



Digitized by Google 



BRACHIOPODA. 



■U 



with largor materials for comparison available, the present species may turn out to 
be only a variety of the true Sp./aieiger. Nor am I inclined to assign to the spe- 
cimen under consideration any prop or specific designation. 

Localiiy, number of tpeoimeta examined. — N. W. Kiunglung encamping 
ground, 8. W. Niti Pass, 2 (?). 

4. Spikifkb NintsNsia, nor. sp. PI. IV, fig. 4, 5 a— e. 

This remarkable speoieB bolongs to the relationship of Sp. mu$akhelenti$ 
from which it may however be easily distinguished by some very oonspiouous pecu- 
liarities. With Sp. musakhelentit it has in common the arrangement of the 
ribs into fasciculi, imparting a wavy character to the surface of the shell, the 
lamellose condition of the erect lines of growth, the high apex of the dorsal valve, 
which is protracted into a very prominent median fold towards the front and 
corresponds to the deep sinuB of the ventral valve. 

Peculiar to the present species is its fusiform shape, recalling Sp. coneoluttu, 
Phill., among the carboniferous 8piriferid<e. Although in none of my specimens 
are the wings completely preserved, it can be easily understood from their restoration 
in the figure (5 a ) that the breadth of the shell must have been more than three 
times its length. The ventral valve is strongly curved in the longitudinal but nearly 
in the transverse direction. Its area is tolerably broad, strongly reclining, parallel- 
sided, and shows a distinct vertical striatum. The strife are rather broad, neither 
prominent nor straight, but wavy. The triangular fissure is covered up by the 
rocky matrix in both of my type specimens. The beak is small, short, pointed, and 
but slightly produced beyond the cardinal edge. By the rounded, strongly pro- 
tracted sinus the front margin of the dorsal valve is considerably derated above the 
general convexity of the latter. 

The radial ornamentation, although characterised in general by an arrangement 
into fasciculi, differs considerably from the sculpture peculiar to Sp. mu$akhelenn», 
Sp. fasoiger and their allies. The number of fasciculi is considerably larger, about 
ten on each side of the Bin us, but the number of ribs composing each bundle 
is rarely more than three or four, and the augmentation of ribs by bifurcation ceases 
at an earlier stage of growth than in Sp. musakhelenrts. The most important 
difference from the latter species consists however in the unequal strength of the 
ribs. In the three fasciculi, which follow immediately on either side of the sinus, 
the central rib is always considerably broader and stronger than the rest, whereas 
on the proper wings they are formed of more delicate ribs of equal strength and 
width. In the bottom of the sinus a broad median rib is noticed, bordered on 
each side by two more delicate ones. All the ribs are flatly rounded on their 
tops. 

The lamellose condition of the raised striae of growth is pretty well exhibited 
in both of my specimens. 

The dorsal valve is provided with a very high, narrowly roundod, mesial fold, 
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rising from the very apex of the valve, and being most prominent at the front mar- 
gin. To the meeting of this mesial fold with tho corresponding sinus of the ventral 
ralve tho strong frontal wave is due, which is observable in the type specimen. 

The apex projects more strongly above the hinge line, than in Sp. i 
entit. Tho area is distinctly marked, though of very small size. The < 
agrees with that in the ventral valve. 

Tho measurements of the more complete of my two specimens are as follows:— 



Emit* length of tho.Uell SO mm. 

Length of tho aortal yalte 14 „ 

GrentMlbreidihofthoiliel] 10* ., 

Ttocknora of boll tiItm . .... 18 „ 

Breadth of the are* of tbi vsntnl t»1t» 6 „ 

ix<\til angle of the Teatral valre ........ 1*4* 

,. « „ „ doraal t»It» . 1JB* 

Locality, number of specimen* examined. — N. W. Kiunglung encamping 
ground, 8. W. Niti Pass, 2. 

Remark*. — The present species is very markedly distinct from the remaining 
forms belonging to the group of Sp. fatciger, by its transversely fusiform 
shape, and by its peculiar sculpture. I am not aware of any species of the former 
group, to which in this respect it could be more particularly compared. With regard 
to tho latter characters it somewhat approaches Sp. niger, Waagen (8alt Range Fossils 
Ice. tit. p. 522, Fl. XLVIII, fig. 4 — 6) from the lower Produotns limestone of the 
Salt Range. With this species the present one has in common the general shape, the 
prominent rib in the middle of the sinus, and tho arrangement of ribs of unequal 
strength into fasciculi. In Sp. niger, however, the principal ribs are much broader and 
stronger and a small number of thin radial ribs are arranged into distinct bundles. 
Both in Sp. niger and in its European ally, Sp. alatut, Schloth., the median fold 
of the dorsal valve is perfectly smooth, whereas it is covered by radiating ribs in 
Sp. nitieniit. 

On the wholo the present species seems to be less nearly related to the group 
of Sp. alatva, than to that of Sp. fatciger. I have consequently deemed it prefer- 
able to leave it among tho latter. 



c. Group op 8PIRIFER CONVOLT7TUS, PhilL 



5. Spibjpbb JOHABEJfsia, nov. sp. PI. IV, fig. 3. 

This very interesting species seems to hold an intermediate position between 
Sp. convolutut, PhilL 1 and Sp. niger, Waagen (Salt Range Fossils, PaL Indioa, 
ser. xiii, I, Prod. Limeet. Fobs. p. 522, PL XLVIII, fig. 4—6), which is supposed by 
Waagen to be most nearly related to tho permian Sp. alatu$, Schloth. 

■ Dandtet, MooogTsph Briti»li foeail Biachiopoda p. 85. PI. V, fig. J— 16 1 L. dt foster*. Faroe do cak»r» 
carbonifen do U Balgiqne. Assalee <h Mu*«« Royal dlbrt. bM. de Bftljjiout, XIV, Mae ptia, p. 187, PL XXIX, 
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The only well preserved spocimen of this species in the Himalayan collection 
strongly recalls Sp. niger in its general outline. It is transversely fusiform, 
more than twice as broad as long, provided with a prominent median fold in the 
dorsal and corresponding Hinus in the ventral valve. The valves aro moderately 
convex, the dorsal valve being a little more strongly vaulted than the opposite one. 

The ventral valve is provided with a tolerably broad, concave area, bordered by 
nearly parallel margins. The extremities of the wings being broken off in my type 
specimen, it cannot be decided, whether they have been regularly curved or attenu- 
ated towards the cardinal angles. The beak is small, well incurved, but not very 
prominent. The apical angle is comparatively acute, as in Sp. niger. The deep 
and broadly rounded sinus originates in the very apex and is considerably prolonged 
beyond the frontal level of the lateral portions of the valvo. The sinus is divided 
by five very delicate ribs, among which the central one is but slightly largor and 
more extended than the rest. On either side of the sinus the lateral parts of the 
valve are ornamented by six thick, rounded ribs, each of which is either subdivided 
into smaller ones by bifurcation, or is accompanied by two or three indistinct, inter- 
calated oostso. There are also faintly marked traces of a concentric sculpture, con. 
siating of regular, imbricating laminae of growth. 

The dorsal valve is characterised by its very obtuse apical angle, and its elevated 
median fold, which becomes subdivided into four smaller ones in the vicinity of the 
front. On each side of this rounded median fold thero are five or six thick radial 
ribs, each of which is accompanied by intercalated or dichotomous smaller ones. 
The sculpture on either side of the median fold is not perfectly symmetrical. In this 
valve the concentric ornamentation is better devoloped than in the ventral one. 

The measurements of my type specimen are as follows :— 

Entire lmgth ef the ihetl IT'S mm. 

Lorifth of '.hi- ilorx»] vaW* 14 „ 

Entire breadth at the •t»n «... 40—76 „ 

Thickness of both Talrei ......... 9 „ 

Apical ugl* of thi ventntl v&lre US* 

n » n n „....■•.. 110* 

Locality, number of ipecimene examined.— 8. of Dharma XI, Lissar Valley, 
one complete specimen, besides a small number of fragments, which probably belong 
to this species. 

Remarks.— The two species, to which the presont one seems to be most nearly 
related, are Sp. convolutus, Fhill., and Sp. niger, Waagen. With both of them 
Sp. joharentie has in common the general shape, the strongly elevated median fold 
in the dorsal valve, and the strong frontal wave, which is due to the extending of the 
sinus in the ventral valve beyond the frontal level of the lateral portions. 

The ornamentation is very much like that in Sp. niger. From this species 
Sp. joharentit, however, differs by the absence of a strong, prominent, median rib in 
the sinus and by the character of the median fold in the dorsal valve, which is 
smooth in Sp. niger and does not become subdivided into minor ribs. "With regard 
to these characters our species agrees with 8p. couoolutus, but on the other hand 

e t 
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their sculpture is sufficiently different to make a distinction between them an easy 
matter. Although in Sp. convolutut a bifurcation or intercalation of ribs fre- 
quently takes plaoo, an ornamentation similar to that in my type specimen of 
Sp. joharenti* is never produced. 

On the whole I beliove the present species to be about intermediate between 
Sp, conoolutu* and Sp. tiiger. 

Spiri/era conwlvta (?), Ethoridge, (Description of the paheozoto and mesozoic 
fossils from Queensland, Quart. Journ. Gool. Soc., London, 1872, XXVIII, p. 835, 
PI. XVII, fig. 8,) from the Bowen Bivor coalfield in Queensland may perhaps hold 
a similar intermediate position between Sp. johareniit and Phillips' species. 

d. Group INDET. 

6. SPIRIFBB. SP. IKDET. PI. IV, fig. 6. 

I should not hare mentioned this fragment of a Spiri/er from the Productus 
shales of Kiunglung encamping ground, were it not for its extraordinary shape. It 
is provided with an unusually broad, slightly concave area, divided by an enormous 
triangular fissure. The beak is small, bent over, and pointed. A deep sinus takes 
its origin in the apex and is bordered by strong ribs. The shell is distinctly fibrous, 
not punctuated. There oan therefore be no doubt that this species belongs to the 
genus Spiri/er. 

8ubfamily : MARTINIINjB, Waagen. 

Genus : MAETINIA, M'Coy. 
1. Martikia glabra, ilartin, sp. PI. V, fig. 4 a, b, o, d. 

IS09. Om»W»" A»omUes f Ubtr, Mutin. Prtrif. D.rb, p. II. PL XL VIII, 6g. 9. 10. 
1843. Spirifir gUbvr (Mut.) L. |de Koainek, IWption d-i »ci»»ut t«.,]«, .to. Udg., p. 3*7. VI 
XVIII. fig. 1. 

im. Spirifir* 9 UJ>r* (ItMt.) D»rid»oo, Itooognpb Briti.h Cmrbou. Urach., p. 69, PL XI, fig. 1_ 9> 
PL XII, &g. 1-4. 11, 12. 

1873. Spiriflr glaltr Olut.) L. da Koniook, Monograph* da foarilw caibooiftie* da Blaitwrg. p. 57, 

vbne » complaU Urt of (yBoojms ii given. 
1689. Martini* ef . stab*,, Wugn, ftOt Rug* IomQi. P»l Ind. «r. liii, I, Prod. LW. Few. p. 831. 

The genus (or subgenus?) Martinia is represented in Griesbach's Himalayan 
collection by one single but well preserved specimen. It agrees in general with the 
well known carboniferous species M. glabra, but its identification with the latter 
is not beyond every doubt, as it differs from the typical M. glabra by its shorter 
hinge line, recalling in this respect the group of M. Warthi, Waagen. 

My specimen is transversely oval, & little wider than long, provided with 
almost equally convex valves. The hinge line is a little shorter than one third of 
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the greatest breadth of the shelL The ventral valve is somewhat more strongly 
carved than the dorsal one. Its prominent apex is distinctly incurved. The area 
is small and bordered by well defined lateral margins. Its greater portion is Ailed 
up by the triangular fissure. The sinus is strongly marked, originating in tho very 
apex, and causes the frontal part of the valve to be slightly produced. The surface 
is nearly smooth, and interrupted only by a few, delicate striae of growth. 

In tho dorsal valve a strongly marked mesial fold is developed, rising gradually 
from the lateral portions. Besides the lines of growth, there are faint indications 
of a few radial striae on this valve, whose surface is otherwise smooth. 

The measurements of my specimen are as follows : — 

Entire length of tba tbeU 16 m. 

Length of ttie donal valvo 13 „ 

Entire breadth of the »h*ll 18'6 „ 

Length of tho hiog« line ......... 6 „ 

TbickneM of both vaWa* 10 „ 

Apical angle of the vaotral t»1t» 07° 

„ » „ „ doratl „ app. ISC 

Locality, number of tpecimen* examined. — N. W. Kiunglung encamping 
ground, 8. W. Niti Pass, 1. 

Remarkt. — Tho only character, in which my specimen slightly differs from the 
typical Martinia glabra, is its shorter hinge line. Davidson howover oxpressly re- 
marks, " that the length of the hinge line and area in many indubitable specimens 
of Spirifera glabra is not more than a third of the breadth of the shell. " Waagen 
on the contrary, lays a special stress on the length of tho hinge line, when iden- 
tifying one of his specimens from the lower Productus limestone with M. glabra 
stating " that it chiefly agrees with M. glabra in the comparative length of the 
hinge line, which is not very much shorter than the greatest breadth of the shell." 
He moreover places the Salt Range species of the genus Martinia, which 
arc distinguished by a short hinge line, in a separate section, vie., the group of 
M. JParthi. According to his observations this series of forms " is distinct from 
the typical M. glabra by a much shorter hinge line, which terminates on both sides 
in little wings, and by the circumstance that the sinus of tho ventral valve is 
entirely limited to the frontal region." (loc. tit. p. 530). As my specimen has 
in common with M. JFarthi only the short hinge line, but none of tho other 
characters enumerated by Waagen, I deemed it preferable to assign it to Martin's 
species, following Davidson's opinion, who does not think the comparatively long 
hinge line to be a constant character in M. glabra. 

If. glabra is one of. the most abundant of carboniferous fossils. Although it 
is commonest in the mountain limestone of lower carboniferous age, its geological 
distribution is rather wide. It has been found throughout the carboniferous series 
of the Ural, in tho Moscovian stage of Central Russia, in the upper carboniferous 
Fusulina limestone of Carinthia, in the Chester stage of Illinois,' and in the 



• 1.1 mm. Mrrapoodiog to a breadth of tbaaholl of 16"6 mm. 

» U. oar. contrast: SUek. and Worth™ ; Oool. Borr.j of Itbnoi.. Vol. II. Palawntotog-y. 18*6, p. 898 
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lowor Productus limestone of the Salt Range. On the other hand, Davidson 
mentions specimens from the Devonian rocks of Barton, " which appear undistin- 
guishablo from some from tho carboniferous limestone. 

No importance- can therefore be attributed to its oocurrenoe in the pennian 
Productus shales of the Himalayas. 

Family : dTBl'BIDJl, Phfllips. 
8ubfamily: ATHYRIN*, Waagon. 

Genus : 8PIRI GEE, ELLA, Waagen. 
1. 8pibig ebblla debdtt, Waagen. PI. V, fig. 6, a— d, 8 a — c 

1692. Aliyrii nbKVta (Halll, Daridaon, — Quart Joorn. Qeol. Sua. London, XVII I, p. 28, PL I, fig. 8 (not 
6g. 7, non Hall). 

1868. Atkfrv smbtiltfa (Halt) L. da KohumIcv — Maraoira aar laa foaailea palaosoiqaaa, racaaillis dam I'lnd*. 
p. S3, PL IX, fig. 8. 

1887. AUprii if. (Atljru nMMa, H.U) VanUre,— Kaahmir, the Wrttare Himalaya, and th* 

Afghan Hooataiaa, lorn. Asiatic Son. of Bengal, XXXVI. Pt ii. jv. S10. PI. II. fig. 1. 1 a. 
1874. Atkyrii nblilito (Hall) t — Darty prt part*, On tha tarbooiferoM brachi«i«da of Itaituba, M, 

Cornell. Uniaara. Itkaea, I, No. 8, p. 7, PI. I, fig. 7. 
1884. StinftrtUa Dtrtgi. Waagao,— Bait King. Fo-aOa. Pd. Isdiaa, aar. ilii, I, Prod. UmnL F<*»iU. 

p. 468, PI. XXXV. fig. 4-7. 8-13, PI. XXXVI, fig. 11-18, var. ocuttjUicta, p. 466. PI. XXXV. 

fig. 10-11, PL XXXVII, 6g. 11. 

This species is the most common fossil of tho Productus shales near Kiunglung 
encamping ground, whore slabs of rook are made up almost entirely of its shells. 

My specimens agree with Waagen's species in all their essential characters. 
Among Waagen's typos they most nearly approach the one figured on PI. XXXV, fig. 
11, and described under the varietal denomination of aouteplicata. The Himalayan 
specimens exhibit well the generic peculiarity, which induced Waagcn to soparate 
Spirigerella from Athyri*. The beak is entirely appressod to tho apex of the 
dorsal valve, and the small foramen is therefore completely concealed. 

My specimens do not vary so much in shape and dimensions, as the representa- 
tives of our 8pocics in the Salt Range. They are, as a rule, nearly as long as broad, 
but none of them exceeds 20 mm. in breadth. Tho ventral valve is distinctly 
curved in the longitudinal, but very little in tho transverse direction, whereas the 
dorsal valve exhibits a strongly marked, but unequal transverse curvature with 
a distinct median crest. The sinus in the ventral valve originates quite near the 
apex, but is very narrow in the visceral portion of the valve, and only widens 
out in the tongue shaped process, which corresponds to the steeply vaulted frontal 
wave. It causes the dorsal valvo to ascend in the prominent narrow fold, whioh 
imparts to Sp. Derbyi var. acuteplieata its characteristic feature. 

Strong, imbricating strim of growth arc present at irregular distances. In 
later stages of growth the shelly zones marked off by them are of oonsidorably differ- 
ent breadth in the lateral and frontal regions, as has been noticed by Waagcn in 
his types from the Salt Eange. 
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I am not ab'.e to distinguish specifically between my Himilayan shells and 
s f- Derbyi par. acuteplicata. I am confirmed in this view by Professor Waagen* 
who believes them likewise to be identical. 

The dimensi ons of a full grown specimen are as follow :— 

Kntir. length of tb*.Ml , e G mta 

WthortbedomlndT. w 

KnUr*br«.thoftfa<,.b„ll 1 7>6 " 



AniodugUof th.Urgwwir. .' '. * .' : .' ioV ' 
» t p .1 "Mlbr 118 » 

Locality, number of tpeciment examined.— -N. W. Kianglung encamping 
ground, 8.W. Niti Pass, 10. 

Remarkt. — In the 8alt Range Sp. Derbyi is very common both in the middle 
and upper divisions of the Productus limestone, but does not deeoend into the 
Katta beds, forming the base of the middle Productus limestone. In America it 
is represented among Derby's collections from the Itaitdba coalmeasures, which 
Waagen is inclined to place on a lovol with the upper division of the middle Pro- 
ductus limestone (Kalabagh beds). 



Genus: ATHYRIS M'Coy (SPIRIOERA, d'Orb.) 
1. Atdteis botsstt, LeveQl^ sp. PI. V, fig. 5 a, b, fig. 7 a d. 

18S1 AHjrrit Sofuii, DoTidooe,— Qiuit Jonro." Oeol. 80c., London, XVIII, p. i7, PL I, gg. «. 

Ath„rU Sojrii, L. do K.»inK*,-JWeB. nt le» foi.ile. p.M.aiaMt norailli. doci I'lnd* p. 33. PJ. fX. 



\tm. Align* Soyaii, BolUr.— P*lBoatologr of NiU,«tc, p. S3, PL V, fig. 18. 

186S. 3 f iriftrm BoytM, Bojrioh, — Uoboroiao KohlonkilkfuuMk ma Timor, Abbtodlgn. Sonic) Akid 

Wi». Birlio, 1864, p. 74, T»f. I, fig. S (Dot 8). 
1883. AthyruSorHi, W«,«,-8il t Bug. IWK P«l lodk., Mr. xiii, I, Prod, ttwrt. tmi p. 487 

PI. XL. 4g.S-U.PI. XXXIX. fig. ia p 

I have given here only the quotations of the Indian and Australasian syno- 
nyms to the present species in order to show at once, what I wish to imply by the 
name. 

Aooording to L. de Koninck (Paune du oaloaire carbonifere de la Belgique, 
du Musee Royal d'hist nat. Bruxelles, 1887, T. XIV, 6i me Ptie., p. 85) 
all the shells from upper carboniferous and perniian strata, which havo been classed 
by palaeontologists among the synonyms of A. Roymi, are not identioal with 
Leveilld's species from the mountain limestone. Without venturing to give any 
view on this subject, I shall confine myself to the statement, that shells identical 
with such as have been looatod by the above-mentioned authors within the syno- 
nyms of A, Boy mi, are common among the fossils of the Himalayan Product us 

The majority of my specimens agroe almost perfectly with Waagen's types in 
their outlines and sculpture. Among them the specimen PI. V, fig. 5, may be 
prototype, whereas, the small spefnmen, figured PL V, tfg. 7, with its 
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pentagonal outlines shows some difference, but is linked to the former by a large 
number of intermediate forms. 'The curvature in the two valves is either equally 
strong or the dorsal valve is more strongly vaulted than the ventral one. A small 
sinus is, as a rule, present in the larger valve corresponding to a more or less dis- 
tinctly developed median fold in the opposite valve. A flat frontal wave is always 
present. The foramen in the beak is comparatively small. 

The ornamentation of the shell is best exhibited in my largest specimen 
although it is but partially preserved. It consists of very numerous and thin, 
lamellar, conoentrio striae of growth, of which iO to 25 are counted to a space 
of 10 millimetres. Shelly fringes have not been noticed. The interior cast of the 
ventral valve is covered by distinct radial striations . 

The measurements of the two figured specimens are as follow :— 

L II. 

Entire Itujctli of the •hell ...... 39 mm. 17 & mm. 

LetigU of tii« donal Talee ....... t 10 „ 

Bnlin breadth of the (lull 41 mm. SO ,. 

Thick oem of both valves epp. 16 „ « „ 

Apical angle uf the ventral valve 130* 10ft* 

„ ., donal f US* 

No. I is the largest specimen in Qriosbaoh's collection, but is not completely 

No. II represents the average size of the specimens occurring in the Produo- 
tus shales of the Himalayas. 

Locality, number of tpeciment examined.— TH. W. Kiunglung encamping 
ground, 8. W. Niti Pass, 8, 8. of Dharma XI, Lissar valley, 1. 

Bemarkt. — The Indian representative of A. Royttii is not restricted to any 
distinct geological horizon. In the 8alt Range it seems to extend through the entire 
thickness of the Productus limestone formation. It has been mentioned by Ueyrich 
and Bothpletz from the permian rooks of Timor. From the Himalayas it has been 
quoted by Salter from the Productus shales of the Niti district, by Waagen from a 
white crinoid limestone, which Mr. Hughes picked up somewhere in tho mountain 
range to the north of Milam, 1 by Qriesbaoh* from the red crinoid limestone, corre- 
sponding to tho lower division of the carboniferous system in Kumaon and GurhwaL 

Suborder: ANCYLOl'KOMATA, Zittel. 
Family : TERKBRATULIDJi, King. 
Genus : DIELA8MA, King. 

1. DlKLASMA BP. ISD, PI. Ill, fig. 5, 5 0. 

I have mentioned this poorly preserved fragment only in order to prove, that 
the genus Dielatma is represented among the fossils of the Productus shales in the 

1 T. W. Emgktt aod IT. Waayn Note oo a trip ever the Milam P«e, Kumaon. Becunls UeaL 8am. 
»f India. XI, 1878, p. 183—187. 

• C. Z. <W4«*, Geology of *o Central Himilavaa, J. r. p. UO, 
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vicinity of Kiunglung enoamping ground. Every one, who is acquainted with the 
difficulty of detennining complete specimens of Dielaama, will understand the reasons 
which induco me to abstain from identifying the fragment under consideration with 
any of the hitherto described species of this genua. Its similarity to D. Eoohttetteri, 
Toula (Ueber einige Fossilien des Eohlenkalkee von Bolivia, Sitigsber. Kais. Akad. 
Wi8s. "Wien, 1869, LIX Bd., Sep. Abdr. p. 2, fig. 1) from the coal-measuros of 
Cochabamba may, however, be noticed. They agree in the general outlines of their 
shells, the greatest breadth of which is shifted towards the semicircular front 
margin, and in the elevated marginal region of the ventral valve. 



CONCLUSIONS. 

The marine fauna of the Froductus shales of Kumaon and Gurhwal is com- 
posed of the following species, which havo been described in the previous ohapter : — 

CEPHALOPODA, 
1. Qrlkoetra* »p. i*d. 

LAMELLIBRANCHIATA. 
BIIACHIOPODA, 



.1 


Ckontte* FUUm, Salter. 


4. 


» 


Utttrentit, nov. ip. 


ft. 


Prodma 


(m Purdcni, Day. 


«. 


a 


gaxgeticut, nor. ip. 


7. 


n 


tf, uriulit, Waag. 


*. 


it 


ef. Camerini, Yern. 


9. 


»» 


earner ini/orm it, T toher n . 


10. 


Spmftr Rooms, dot. ap. 


11. 


» 


mtuaiitlentu, Dar. 


ia. 


» 


off. fareigero, Key a. 


13. 


» 


uititHtit, oov. ep. 


14. 




jtkartutu, nov. «p. 


15. 


» 


f. i*d. 


16. 


Martini* glabra, Mart. ip. 


17. 


Sjiirigirella Derbfi, Waug. 


18. 


Atkgru 


RofuX, Lev. »p. 


19. 


DitU$ma, rp. ind. 



Among these 19 species 3 are represented by fragmentary specimens only, 
which do not allow of any specific detannination. Excluding these 3 species 
which belong to the genera Orthocercu, Spirtfer and Vielatma, 16 species remain 
which impart to the fauna of the Froduotus shales their peculiar aspect. Among 
them 6 are new to science and 8 only can be identified with such species as 
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hare teen hitherto found outside the Himalayas. There is, however, still a large 
number of fragments in Griesbach's collection, which must remain undetermined, but 
which clearly prove, that our knowledge of the present fauna is yet very imperfect. 

The fauna of the Productus shales shows quite a peculiar character of its own. 
as more than half of the entire fauna is composed of species which have not 
hitherto been found in any other rook groups. It must be borne in mind, that out 
of the 3 forms described in the previous chapter, which do not allow a specific 
determination, 2 at least are certainly new. Thus out of a total number of 19 
species 10 are restricted exclusively to the Productus shales. 

Whilst the majority of species are autochtonous, the remaining forms — altogether 
8 — are identical with such as occur also in the younger palaeozoic strata of other 
countries. Among the latter, the following six are identical with species which 
hare been described by Waagen from the Productus limestone of the Salt Range :— 

Produetut Pmrdeai, D»v. 

„ ef. lerialit, Viang. 

Spiri/er muttkhilentit, Dav. 

Mtrtinia glabra, Mart. sp. 

Spiriatrella Detbji, Waag. 

Atkjrit Boyirii, Lev. sp. 

It is not to be wondered at that the affinities of the present fauna to that of 
tho Productus limestone are more distinctly marked than to the faunas of non- Indian 
deposits, as the Salt Range is the country least distant from tho Himalayas, where 
marine equivalents of tho permian system are known to exist. 

Out of these six species, identical with Productus limestone fossils, one is 
restricted to tho lower Productus limestone and one to the upper Productus lime- 
stone only. 1 But the latter is only marked as ef. in my preceding list. Two species 
extend throughout tho entiro thickness of the Productus limestone formation ; one 
occurs in the middle and upper Productus limestone and one in the upper division 
of the middle Productus limcstono (Virgal and Ealabagh beds) only. Thus the 
faunistic relations to tho upper division of the Productus limestone formation appear 
to be somewhat closer, but the difference in the number of identical species is 
too small to be of any importance for the stratigraphical correlation of the re- 
spective beds. 

With the pcrmocarboniferous fauna of the Ural and of the Timan region tho 
Productus shales havo only three species in common, among which one is among 
the leading forms of the Himalayan rock group here under consideration. These 
species are tho following : — 

Prodmetui eanerinifoTwi*, Techern. 
„ ef. oa •<•/■! »•', Vera. 
„ Purdoni, D»7. 

The affinities between tho faunas of the Himalayan Productus shales and the 

' In tha grouping of tb* PradooU) Ml of too 8a!t Rang* I am folknring Waagn'a etauieal memoir, not tho 
chMifirtlSon adopted by B. D. (Kdban in tbo worod ♦ditien of tbe Manual of tiw Gddogj of India (Calcutta, 
S»>, CbapUr VI). 
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pormocarboniferous deposits o£ Russia appear however to bo much closer, if we take 
into consideration such species as are so very nearly allied, that advocates of a 
wider definition of the species might even consider them as identical. Such ana- 
logous species are the following : — 

Bawi*. Cntnl HuniUy**. 

Aticulcpeden Roktckwofi, Vern. J. kiewulit, S»lt 

Ckmttt uralica, MwlWr. Ck. Fitknu, Salt. 

Spiri/tT Martoui, W»*g. Sp. Ravatw, Dien. 

„ fweigiT, Kcywul. „ mttakkeleiuu, IHr. 

» off- f*tciger». 

AH frit Rafttii (Lev.), Ttohern. A, Rojttii (Ler.), Dieo. 

From this it appears very cloarly, that the relations of the fauna of the Hima- 
layan Productus shales to that of the permocarboniforous deposits of Russia are 
scarcely less intimate, than to that of the upper Productus limestone of the Salt 
Range. 

Well marked affinities are also exhibited between the fauna under consideration 
and that of the pormocarboniferous (? and permian) rocks of Spitsbergen. 

'lne fauni&tio relations between the Productus shales of Gurhwal and Kumaon 
and the rock groups of upper paUcozio age in other countries will be shown in the 
tabular statement on the following page, which only contains such species as are 
identical (») or very nearly allied (a). If we pass in review this list of species, which 
are identical with such as occur in foreign countries outside the Himalayas, we find 
among them one single form only, which has not been detected hitherto in deposits 
younger than carboniferous. This is Martinia glabra, sp., a form of rather small 
geological importance, as it seems to pass up in its typical shape from the Devonian 
into the topmost carboniferous strata. Two species, Spirtfer mu*akheletm» and 
Athyru Boytni, extend from upper carboniferous into permian strata; three are 
restricted to beds of permocarboniferouB and penman age. These are :— 

Product** Pnrda*i, Da*. 

,, ef. Canerixi, Vera. 
Spinalis Dtrbfi, Wisg. 

One species, Productus cencriniformU, is peculiar to the topmost carboniferous 
and permocarboniferous, and one species, Productus ef. terialis, to permian strata. 

If we add to these species such as are very nearly allied to forms of the Pro- 
ductus shales, as : Spirifer Marcoui, Waag., Chonetet vralica, Moell. Aoiculopecten 
JZoktcharofi, Vern., we find them likewise ranging from upper carboniferous into 
permian strata. Thus littlo evidence is afforded by them as to the stratigraphical 
position of the Productus shales in the general sequence of the sedimentary rocks. 

The majority of species, of which the present fauna consists, are braohiopoda, 
which do not keep a distinct stratigraphical horizon, and are consequently of but 
little value for a distinction of narrowly limited geological stages. Although the 
general character of this fauna excludes any correlation of the Productus shahs 
with beds of carboniferous age, H is not sufficient for deciding whether they 

a8 
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ought to be placed on a level with pcrmocarboniferous or with truo permian 
strata. 

Tho distinctly marked affinities between the faunsn of the Productus shales 
and of the Artinskian stage might justify a correlation with tho pcrmocarboniferous 
series. 1 On the other hand it must be borne in mind that the greater part of the 
fauna of the Productus shales is made up by new species. Considering tho intimate 
relationship, by which the different subdivisions of the Productus limestone forma- 
tion in the Salt Range are linked together, a greater stress must be laid on the fact, 
that forms, vary nearly allied to but not identical with Artinskian species play an 
important part in the present fauna. Wo may even ask, if it is not exactly thes<> 
tteto species whioh ought to be considered as tho feature poculiar to beds of truo 
permian age wivhin the sedimentary bolt of tho central Himalayas. 

Another instance which appears to be in favour of tho latter view, is the following. 

North of the main region of the palaxwoic belt of the Control Himalayas crags 
of triassac and permian rocks are found in the range of Chitichun No. 1 in Hurdes 
amidst the Tibetan zone of Spiti shales and Gioumal sandstones. Among these crags 
the main mass of the peak Chitichun No. I (17,710 feet) has furnished us with 
a rich fauna, consisting chiefly of brachiopods, bryozoa and corals. A large majority 
of the species composing this fauna (more than 60 */.) arc identical with such as 
have been describod by Waagen from tho Virgal and Kilahagh beds in the Salt 
Range.* This fauna must thoreforo bo placed most probably on a level with the upper 
division of the middle Productus limestone. 

If we compare tlw faunas of the palaeozoic limestone crag of Chitichun No. 1 
and of the Bimalayan Productus shales, we find them to differ rathor considerably 
from each other. Not only is the number of identical species insignificant, but 
the absence of all tho Prcdueli, peculiar to the Chitichun fauna in the Productus 
shales is still more remark&ble. Among these Produeti true permian forms, like 
P. Abicki aro rare, whereas such as have their chief development in carboniferous 
deposits, liko P. gratiosug, p. $emireticulatut, P. lineal us, P. Cora, aro rather 
frequent. The presence of these forms gives a slightly more ancient aspect to the 
Chitichun fauna. As the latter has been proved to be homotaxial with the upper 
division of tho middle Productus limestone, the I'roductus shales of tho Himalayas 
can scarcely be considered to stand on a lower level than the upper Productus 
limestone of tho 8alt Range. 

Starting from these considerations it appears more plausible, that the fauna 
of the Productus shales Bhould fall homotaxically within the scope of the permian 
not of the permocarboniferous stages of othor countries. 

The only decisive evidence for a permian ago of the Productus shales is however 
based on tbeir stratigraphical relations to the triassic bods of tho mesozoio belt of 
the Central Himalayas, not on their fossil remains. One of the cliief results of 

' In thin mraotr the term " Pemjooarboniffront " i« nwd in tie wn»e of the Rummd gralifuta, not in tl>« 
wider tntc attributed to it »ith»r by A. do Lapparert, or by a Uree number of American author*. 

» Tbt third part of to* pnwot rolun* of tb. Hlmalatao Fo»ib) U doroUd to t monograph of thia ii.urr.tmg 
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Griesbach's goolcgical surrey of the Bhot Mahals of Kumaon and Gurbwal is the 
proof of an unconformity, existing at the base of the Productua shales, which 
locally overlap successive strata of carboniferous age. With this unconformity 
another uninterrupted sequence begins, with conformable bedding throughout, 
which ranges from the Productus shales to the topmost beds of the triassic system. So 
intimate is the stratigrapbical connection between the Productus shales and the 
following Otoceras beds of lowest triassic age, that a sharp boundary cannot be 
drawn between them. During his first visit to the ft iti area Griesbach actually 
failed to distinguish the two horizons, which in the sections of Eiunglung and of the 
Shalshal cliff pass quite gradually into each other, and can only be conveniently 
separated by the rich mesozoie fauna, contained in the main layer of Otoeerat Wood* 
tcardi. I therefore fully approvo of the conclusion arrived at by Griesbach, who 
looks on the Productus shales as the representatives of tho pormian of south eastern 
Europe on the ground of their stratigraphioal connection with the triassic and of 
their unconformity to the carboniferous series. 

The only distinctly marked unconformity, which has been made known hitherto 
within the sedimentary belt of tho Bhot Mahals of Gurhwal and Kumaon is younger 
than the white quartziteof upper carboniferous age, which must have been partially 
eroded, before the overlapping Productua shales were deposited. This unconformity, 
though bearing evidence of considerable physical changes, does not appear to have 
been accompanied by intonse structural displacements, which might be compared 
to tho "Variscian" disturbances in Central Europe during the carboniferous period. 
The break between the upper carboniferous quartzite and the pormian Productus 
shales probably corresponds to the pormocarboniferous stage in Russia. It is 
not impossible, that in Central Asia this unconformity is represented by the 
"Tibetan transgression," the importance of which has been recently elucidated 
by Suess 1 on the basis of Bogdanowitsoh's geological reoonnaissanoe in the Kwen- 
Lun mountains.' 

Thus Griesbach's correlation of the Productus shales with the true Permian of 
south-eastern Europe stands firm so far, as it is based on stratigraphioal evidence. 
This stratigraphioal evidence is, to say the least, not contradicted but rather supported 
by the paleoontologioal results, as put forward in this memoir. With regard to 
the latter I may sum up my views in the sentence, that the fauna of the Product ub 
shales of Kumaon and Gurhwal, as represented in Griesbach's Himilayan collections 
— provided it really belonged to the same stratigraphioal system — should be consi- 
dered of permian rather than of permocarboniferous age, although the palceontological 
evidonce alone does not appear sufficient to decide this question. 

1 S. Sutn,— fieitttifa Zar Stmtignphia Central-Asias, Denkadir. Kaia. AVad. d. Win. Wlen. m»th. n»t. CI. 
LI I, lS91,p. 435. 

» Beport on the TiUtaa Expedition. 18BM0, radar tha aommiad of if. W. Ptmov. Pt. ii. Gwloginl 
Bipkr.tion of Extern Turkestan by K. Bo}ia»omUKk (io Basalt* lugnaga), 8l. P*urab«gh, ls*2, p. 61. 
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PLATE I. 

Fige. 1—3. Pbodcotw OAVOvncui, Diener. Three specimens from Kiuoglung encamping ground. 

la, ventral view, 14, lateral view, le, frontal view, id, apical view, i, ventral 
valve, with partially preserved shell, 3, doraal valve. 

Fig. 4. Piodcctus c». sBBiALie, Waagen. Cast ol a doraal valve from Kiuoglung encamping 
ground. 

Fig«. 5, 6. FaoDuercs cf. C*bciibi, Vemeuil. Two ventral valvea from Kiuoglung encamping 
ground. 

Fig. 7. PaoDOOTtia cahcmwifomhs, Tuebernyachew. Speoimeu from the perm tan (?) limestone 
with P. tibrtiet, Strtptorkfd*, diffieilii, etc, near the Gussaas River (Weitera 
Koen-Lao Mountain*), eoUeeted by K. Bogdanowitaob. 7a, ventral view, 7*. 
lateral view, 7c, apical view, Id, frontal view. 

Figa. 8 10. Productus OARCUBiroauis, Tscbernyschew. Three «pex>imena, from Kiuoglung 

encamping ground, 8 doraal valve, 0, 10 ventral valvee, Bo, ventral view, 94, lateral 
view, 9c, apical view, 9d, frontal view, 10a, ventral view, 104, lateral view, 
10c, frontal view, 10rf, apical view. 
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PLATE II. 

Figs. 1 — 2. Pbodtotcs PcHDOHl, Davidson. Two ventral valves from Knmglunj; encamping ground. 

la, ventral view, 1*, literal view, lc, frontal view, Irf, apical view, 2«, ventral 

view, showing pert of tbe muscular impressions, tt, lateral view, with some 

shell remains below the spex. 
Fig. 3. PaoDUcrns oAKomcoa, Diener. Casta of dorsal valves, with partially preserved internal 

structure, from Kinnglnng encamping ground. 
Figs. 4, 6. ChOXBTU LI8SABJM81S, Diener. Two speoimens from S. of Dharma XI, Lissar Valley. 

4, cast of ventral valve. 4a, ventral view, 44, lateral view, 4c, apical view, 

id, frontal view, 6, dorsal valve. 

Fig*. 5, 7. Choxkks Visa mb, Salter. Two ventral valves from Kiungluog encamping ground, 
fit, ventral view, 5b, lateral vi^w, 5c, frontal tiew. 
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PLATE III. 

Figs. 1, 2. Sratirn Ravaba, Ditocr. 1, ventral valve from Kiungluug encamping ground. la, 
ventral view, 14, dorsal view, le, transverse seotioD, combined with frontal view 
of the median sinus, 2, fragment of a ventral valve from 8. of Dharma XI, 
Lissar Valley. 

Figs, 3, 4. Spirimb mcbakhetlbksib, Davidson. Two specimens from Kianglung 



FS.g 5. Diilasha bp. ikd. Fragment of a ventral valve from Kiuu<rluog encamping ground. 
&a, ventral view, it, lateral view. 
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PLATE IV. 

Fig*. 1, 2. Skrifkk Mi'BiKKiTLgNaia, Davidson. Two «peoim«nB from 

ground, la, ventral view, 1 4, dorsal view, 2, typical form. 

Fig. 3 Sunns* joiurrwsis, Dien«r. Specimen from S. of Dbarma XI, Liesar Valley. 3a, 

ventral view, 34, d»n«l view, 3c, lateral view. 
Figs. 4, 5. Smirga NiTliNSis, Diener. Two specimens from KiuDglntu; encamping ground. 6a, 

ventral view, 54, dorsal view, 5e, frontal view, id, apical view, 6r, lateral 



Fig. 6. Spiihter »p. ikd. Fragment of a ventral valve from Kiunglung encamping ground. 
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PLATE V. 

Fig. 1. SmiFK* uirsAKHBTLKNSM, Davidson. Largest specimen known to me, from '. 
encamping ground. 

Figs. 2, 3. Sritim sr. am. VASCiotao, Keyeerling. Two incomplete dorul valve* from Kiunglung 



Fig. *. Maktinu glabra, Mart. sp. Complete specimen from Kinnglung encamping 
4a, dorsal view, 46, ventral view, 4« frontal view, id, lateral view. 

Fig*. 5, 7. Athims Royssii Lev. sp. Two specimens from Kiunglung encamping gronnd. o, 
largest specimen known to ma, 5a, ventral view, 56, lateral view, 7, average sized 
specimeo, la, dorsal view, 76, ventral view, 7c, frontal view, 7rf, lateral view. 

Figs. 6, 8. SrtftiQBMLLA Drrbyi, Waagen. Two specimens from Kinnglmtg encamping gronnd. 

So, 8a, dorsal view, 64, 86, ventral view, 6c, frontal view, 64, lateral view, 8*, 
lateral view, Sd, frontal view, 8«, apical view. 

Fig. 9. Cnosms Vishhc, Salter. Fragment of a dorsal valve from Kiunglung encamping ground. 

Figs. 10e, b, 11. AvicuLorMTM hikmaus, Salter. Two left valves from Kinnglung encamping 
gronnd. 

Fig. 12. Orthocmus sp. ivd. Fragment with partially preserved body chamber from the Mank- 
.hang Pass (KutUYangti Valley). 

The circular shape of the transverse section and the central position of the siphancle, as repre* 
senlod in 126, are open to grave doubt*. 
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PERMIAN FOSSILS OF ' THE CENTRAL HIMALAYAS. 

(Collections mads bt thk Geological 8ruvKT of Ixdu, dueikg the 

years 1898—1900.) 

BY 

CARL DIENEB, Ph.D., 

Profrmr of Ototomy at tk* UnivtrtUy of VUuna. 

♦ 

INTRODUCTION. 

In Parts 2, 3 and 4 of the present volume a special description has been pub- 
lished of all fossils of tho anthracolithio series which had been found in the Himalayas 
until the year 1893 and were includod in the collections of the Geological 8urvey 
of India. The important results which tho pahoontological examination of the large 
Himalayan collections had yielded induced Mr. C. L. Gricsbach, Director of the 
Geological Survey of India, to make his officers resume survey work in the Himalayas 
during the hot season of 1898. Thus in 1898 Mr. H. H. Hayden was despatched 
to Spiti, where ho made detailed studies in the region of the upper Pin valley and 
adjoining areas and obtained flno collections of fossils from almost all the beds between 
the cambrian and the upper trias. Survey work wascontinuod in Spiti during the fol- 
lowing summer by Mr. H. II. Hayden and Dr. A. von Krafft, who mapped a large por- 
tion of that district and made very rich collections from several f ossilif erous horizons. 
In the same season Mr. T. D. La Touohe was deputed to tho upper Lissar Valley in 
Eumaon, Mr. P. H. Smith to Byans and the Kuti Yangti Valley, and Dr. T. L 
Walker to the permian orags or " klippen " of Chitichun. In 1900 Dr. A. von Krafft 
made an exhaustive study of the crags in the neighbourhood of the Balchdhura. 
During all these expeditions large collections of fossils were made. Fart of these col- 
lections, comprising the fossils of the anthracolithic scries, were submitted to mo for 
examination. The results of the investigation of this valuable material are described 
in the following pages. 
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The overwhelming majority of fossils from the anthracolithic rocks of the 
Central Himalayas, which have been collected by the above-named officers of the 
Geological Survey of India during the years 1898 to 1000 and submitted to me for 
examination, are of permian age. The description of this permian fauna completes 
the throo foregoing parts of tho present volume, and it may safely be said that the 
species described in the following chapters are of special interest, and allow certain 
general conclusions to be drawn. 

In accordance with a wish expressed by Mr. C. L. Griesbach, tho descriptions 
of the species havo been disposed according to localities and horizons, and the plates 
have been so arranged that illustrations of fo&ils from the same group of rocks arc 
included in one plate. By such a mode of procedure an important advantage has 
been obtained from tho possibility of avoiding confusion and of tracing with more 
certainty the paheontologieal characters of every well established horizon with a 
distinct fauna. In comparison with this great advantage, the unfortunate necessity 
of occasional repetitions previously given of species in the parts already printed is of 
secondary importance. Thus, I hope, the treatment of fossils according to their 
stratigraphical horizon and to the geographical district in which they havo been 
collected, will not be felt inconvenient. 

Since the publication of my first studies of the permian fossils of tho Himalayas 
(part 4 of the present volume) several important -works have been published which 
throw new light on some very interesting faunre of the anthracolithic system. Of 
Gemmellaro's memoir on the permian fauna of the Fusulina limestone of Sosio in 
Sicily, the first part of the description of the Braehiopoda appeared in 1899. A 
revision of the fauna of the permian Otoceras beds of Djulfa in Armenia was 
made by G. von Arthaber in 1900 (Beitrage zur Gool. und Palceontologie Oestcrr.- 
TJngarns, etc., Bd. XII). In the 18th volume of the same " Beitrage " Dr. 
Enderle described an interesting fauna of anthracolithic age from Balia Maaden in 
Asia Minor. The upper carboniferous fossils from Sumatra and Loping, which 
had been described by Bdiner and Kayser, were revised by Fliegel (Palreonto- 
graphica, Bd. 48). Valuable contributions to our knowledge of the permian fauna 
of Lastern Russia have been added by Netscliajew. A very rich and remarkable 
fauna of permocarboniferous ago lias been discovered in the south eastern Alps of 
Carinthia and Carniola by Geyer and Schcllwicn and excellently illustrated by tho 
latter author in the 16th volume of the Abhandlungen der K. K. Geol. lieichs- 
Anstalt. 

A most important work, dealing with several of the most general palaxmtologicol 
questions concerning the classification of Braehiopoda, to which 1 had no opportunity 
to refer in my previous publications, is the " Introduction to the study of the genera 
of fossil Braehiopoda" by Hall and Clarke. (Pahoontology of New York, volume 
VIII.) 

Besides the paheontological literature, the list of which has been given in Part 2 
of the present volume (pp. 10 — 13), the above are the recent publications, which I 
chiefly consulted when working out the present memoir. 
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I am greatly indebted to my distinguished friend Prof. Tfa. Tschernyscheff of St. 
Petcrshurgh, who kindly furnished me with the platua accompanying his monograph 
of the carboniferous Brachiopoda of the Ural Mountains. As this memoir is still in 
the press, no comparison of my Himalayan fossils with tho rich upper carboniferous 
Brachiopod fauna of the Ural and Timan would hare been possible without his 
kind assistance. 



I.— FOSSILS FROM THE PEKMIAN LIMESTONE CRAG OP CHITICHUN 

No. I. (HUNDES.) 

A systematic description of the fossils collected by Messrs. Grii'sbach, Middle- 
miss and the author in 1892, in the permian limestone crag of Chitichun No. 1, lias 
been publishod in the third part of this volume (1897). The chief stratigraphical 
result, to which those pakeontological researches led, is that the fauna of Chiti- 
chun No. I corresponds to the fauna of the upper portion of the middle Product us 
limestone of the Salt Range, and, among European strata, is very probably equivalent 
either to the Artinskian stage of Russia or to the Permian limestone crags of Sosio 
in 8ioily. 

In 1899 Dr. T. L. Walker visited the classic locality of Chitichun No. I, whencn 
he obtained a small but interesting suite of fossils. The majority of them were col- 
lected on loose talus-heaps, surrounding the base of the actual crag. 

Of this collection the following species have been identified :— 

Cruttacea. 

1. Pkilliptia Aliddltmitii, Di«i*r. 

Cephalopoda. 

2. Itantilul kuniciu, nov. »p. 

S. Xmatpit earienaria, Vt'tMgtti. 

4. CfcMoint Walktri, dov. sp. 

Gastropoda. 

5. NaticoftU, »p. hid. 

Brachiopoda. 

Prodmelu* lemrcticulat*; M«rt. 

7. „ Caitieiunentit, Dinner. 

8. „ tf. tuteotUlHt, Wang. 
8. „ gratiotut, Waa K . 

10. „ AtieU, 

11. Margini/tra If pica, Wang. 

12. Auloritge* tiMiem, Dien#r. 
IS. Ljttoaia, »p. ind. 

r 2 
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14. Spir^feriua attopiicata var. fattigat; Selullw. 

16. „ Margarita, Oemm. 
Ifl, Spit if tr Wynne*, Waag. 

17. 8pirifer tibeianxt, Dienef . 

18. Martinis nueula, Rolhpt. 

19. „ acuUmarginalU, Diener. 

20. „ temiplana, Waag. 

21. Rclicularia ef. lintaU, Mart. 

22. „ pulckerrina, Oemm. 

23. „ inayquiUteralu, Oemm. 
2*. Spirigera {At Ayr it) Royuii, Mr. 

25. „ „ expama, Phill. 

26. Jltutedia grandieotta, Dar. (^rtmata, Eiehw.). 

27. Vneinella ef. indica, Wug. 

28. EnteleUt TteAerny$cAeffi, Dieo. 

29. „ Waagcni, Oemm. 

30. „ mh<tqttival<ri», Gemm. 

31. Tertbratuloidea cf. deprttta, Waaa-. 

32. TJnciituiat timorensU, Beyr. 

33. „ jabienti*, Waap. 
8*. CamaropAoria globulin*, Phill. 
35. „ Ptirdoni, Dav. 

38. „ Pttrdoui tar. gigantca, Dien. 

37. „ ef. imiplieala, Gemm. 

38. HtmiptyeAina AimalaytntU, Dav. 

39. „ »par*ipHcata, Waag- 

40. „ infata, Waag. 

41. „ tublatit, Waag. 

42. Ditlama elongatnm, Sohlotb. 

43. „ plica, Kutorga, 

44. „ sp. ind. aff. Aattaforme, Koa. 

45. Notot&yrit triplicate, Dien. 

46. n nediltrranea, Gemm. 

47. „ exilit, Gemm. 

48. „ R'alieri, uov. ap. 

49. Bithtloftnia, «p. ind. 

Crinoidea. 

60. Poterioennu* (?), .p. ind. 

Anthozoa. 

61. Amplexiu eoralloide* tar, Abieki, Waajf. 

52. ZapArtmti* BtyritAi, Rotlipl. 

53. Clitiopiyllum, up. ind. 
64. DibmnopAyllum, Bp. ind. 
55. PttropAyllum, sp. ind. 

Among these 55 species arc 28 which previously had not been known to occur 
in tho pennian limestone of Chitichun No. I, and 7 previously described, but of 
which a revised description •eemcd desirable. 
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The species are as follows :— 

CEPHALOPODA. 

NAtTTILUS (DOMATOCEIUS ?) HTJNICU3, nov. Bp., PL I, fig. 1. 

This species is represented by a single specimen only, the living chamber of 
which is almost entirely preserved. Noither the innermost volutions nor the shell 
arc available for examination. An exact diagnosis is rather difficult on account of 
the poorly preserved condition of my specimen. 

The species is subdiacoidal, provided with a large umbilicus, which nearly 
eqnalB the dorso-vontral diameter of the last volution near the aperture. The 
number of volutions is not exactly known to me, nor can the presence or absence of 
an umbilical perforation be ascertained. The whorls overlap each other, but 
very Blightly. The last volution is of quadrangular shape. Its greatest transverse 
diameter corresponds to the umbilical margin, but the distance between the outer 
angles of the last whorl is but very little smaller. The external portion is broadly 
flattened and slightly concave in the middle. The lateral parts are flattened and are 
separated from the eitornal area and from the steeply inclined umbilical wall by 
broadly rounded margins. 

The volution preceding the last whorl is remarkable for the more rounded shape 
of its transverse section and for a more considerable difference in the size of the 
transverse diameters between the umbilical and peripheral angles. 

The two last volutions, whioh alone are sufficiently preserved for observation, 
increase rather slowly in sise, enlarging their diameter less than threefold each 
turn. 

The transverse diameter through the umbilical shoulders is a little greater 
than the height of the last volution. 

My specimen is an internal cast, without any trace of sculpture. Fragments of 
the shelly substance, which have been preserved, exhibit numerous and distinct lines 
of growth, which are, like the septa, curved slightly backwards where they cross the 
stphonal area. 

The following measurements have been taken from the specimen, whioh has 

a diameter of 69 mm. : — 

Diamttterof the ahelt 09 mm. 

„ „ „ umbilicus ... ... 26 „ 

TOfefaL } £ * 

Though one-half of the last volution belongs to the body-chamber, the aperture 

has, unfortunately, not been preserved. 

Suture*.— A. shallow ventral or siphonal lobe is followed by a small saddle 

corresponding to the external margin. Lateral lobe broad and moderately deep. 

Prom the umbilical margin the sutural lino takes a slight backward curve towards 
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tlio dorsal side of the volution. By severing tho oliamborcd portion of the last 
volution from the preceding whorl, I have boon able to convince myself of the 
presence of a funnel-shaped dorsal or internal lobe and of the central position of the 
siphuncle. 

The septa arc neither numerous nor elosely arranged, as in the majority of 
palaeozoic species. 

Remark*.— I am in some doubt with regard to tho generic relations of this 
Bpeoios. The propriety of placing it in Uyatt's genus Solenoceras is questionable. 
Solenoceras, acoording to 11 yatt's diagnosis, 1 includes Natitili<lteo( the Carboniferous 
Dyas and Trias, having quadrate whorls w ith depressed abdomina, central siphons 
and a (smooth shell. Tn these characters the present species agrees pretty well with 
Solenoceras, although its whorls become tetragonal in the adult stage only. 
Ilyatt, howovcr, regarded Nautilus transitorius, Waagon, (Salt ltango Poss., Pal. 
Ind, ser. XIII, vol I, Prod, limestone foss., p. 53, PI. V, fig. 1) from the Salt Range 
Productus limestone, as tho prototypo of his genus. From this species Nautilus huiii- 
cus differs strongly in tho absence of gibbous ribs and of flat ridges, bordering the 
concavity in the siphonal area. I consequently do not feel justified in placing my 
Himalayan species in tho scries of Hyatt's Jtutoceratida, most of which are 
distinguished by exceedingly rough shells- • 

A group of forms, to which the present one seems to be more nearly allied, has 
been included by Hyatt in his genus Discitoceras (1. c, p. 292), which is a synonym 
of the genus Disci tee, M'Coy. 

If NatUilus planotergaius, M'Coy, were taken as the prototype of Discitoceras, 
1 should not hesitate for a moment in placing Nautilus hunicu* in this genus, both 
species agreeing in the development of slowly increasing whorls, with large umbilici 
and tetragonal cross-sections. The siphuncle, it is true, is sit uated abovo the centre 
in the mountain-limestone species of Discitoceras, but the variability of the position 
of the siphuncle is so great in the family of Nantilida, that no generic distinction 
can be baaed on it. The majority of species belonging to Discitoceras are, however, 
distinguished by the presence of strongly developed longitudinal or spiral ridges. 
Also Hyatt in his diagnosis of the genus explicitly remarks : " The young are ridged 
longitudinally, with prominent transverse striae, but though these cross and roughen 
the ridges, they do not render them subspinous." 

If we adhere strictly to this diagnosis, attributing to the longitudinal sculpture 
a value of generic importance, Nautilus hunicus can hardly be classed among 
the representatives of Discitoceras, being entirely devoid of any spiral ornamen- 
tation. 

I have already alluded to the similarity of the present species to Nautilus 
planotergatus, M'Coy (Synopsis of the carboniferous foss. of Ireland, p. 18, PI. II, 
fig. 2*). But this similarity is confined to the external shape of the last volution 

1 Hyatt : Oener» at (mil OepUlopod*. ProcMdingi of tlx Baton Sec. of Natural Ilia to ry, rek XXII, 1883, 

p. JSC 

» In tho expltnttEoci of PUte II thm tpeeiei baa beta dented Xaulilut planodoriatmi, M-Coj. 
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only, the inner volutions of the Irish species differing remarkably from Nautilus 
hunicus by thoir quadrangular outlines and tbcir simple sutures. 

For N. planotergatus and its allies a new genus, Domatocerat, has recently been 
proposed by Hyatt (Geol. Survey of Texas, 2nd Annual Report, 1890, p. 312). 8o 
far as I am able to judge from the short diagnosis given by Hyatt, this genus 
seems to differ from Discilocerat, chiefly by its more robust shape and by the lateral 
parts being nearly parallel or slightly convergent. Thus Domatocerat, with which, 
among European Nauiilida, N. mosqumsii. Tzwetaew, and of American ones N. 
umbilicatus, Hyatt, and N. highlandensis, Mcok and "Worthen, are placed by Hyatt, 
is the genus with which the present species ought most probably to be classed. 

Among pakeozoic species of Nautilidce none appear to be more nearly allied to 
Nautilus hunicus than a group of forms from the permian Otooeras beds of Djulfa, 
which have been described by Abich and revised by G. von Arthaber. Thcso spe- 
cios are : Nautilus parallelus, Abich (Eine Bergkalkfauua ans der Araxcsenge bei 
Djoulfa, p. 17, Taf. Ill, fig. 2), N. convergent, Abich (1. o., p. 13, Taf. II, 
fig. 2), and N. dolerus, Abich (1. c, p. 18, Taf. X, fig. IV These three species 
have, unfortunately, been based on very poorly preserved type-specimens only. The 
views which have been taken by different authors regarding the propriety of their 
specific claims consequently differ so widely from each other, that it is almost im- 
possible to arrivo at a satisfactory diagnosis of their specific characters. 

It is especially the specimen, described and figured as Nautilus parallelut by 
6. v. Arthaber (Deitriige zur Palaeontologie und Geologic Ocsterreick-Ungarns, etc. 
Bd. XII. p. 213, Taf. XVIII, fig. 2), that I have been able to compare with my 
Himalayan species. They fully agree in nearly all their essential characters, viz., in 
the outlines of their transverse sections, in the central position of the siphuncle, in 
tho absence of any sculpture, and in the arrangement of the sutural lino. The chief 
point of difference, so for as one can judge from the imperfect Armenian fragment, 
consists in tho considerably greater distanco between the septa in Nautilus hunicus. 
In this respect my Himalayan specimen differs from all other palaeozoic species and 
strongly resembles some triassic representatives of NatttUida, such as Nautilus quad- 
rangulus, Boyrich (Abhandl. Kgl. Akad. d. "Wissensch., Berlin, 1866, p. 137, Taf. 
Ill, fig. 5) ; but Nautilus quadrangulut has more involute whorls which overlap 
one another to about one-half of their height, and is provided with a low, oblique 
umbilical wall. 

In its general shape Nautilus hunicus bears a closer resemblance to Nautilus 
brahmanicus, Gricsbach, from the Himalayan Otoceras beds. "With tho latter 
species it agrees in the character of the umbilical wall and si phonal area, which is 
slightly convex in young specimens, but becomes almost flat in moro advanced stages 
of growth and is often provided with a t-hallow depression along its median 
line. N. brahmanicus, however, difTers remarkably in the external position of its 
siphuncle and in its more strongly overlapping volutions, one-third of the penulti- 
mate whorl being covered by the dorsum of the last volution. 

I consequently believe that, in spite of the greater distauco between its septa, 
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the prcsont species ought to be classed among the series of palaeozoic S'autilida of 
which Nautilut (Domatocerat) motquentit, Tzwetaew (Mem. Com. GeoL St. Peters* 
bourg, vol. V, No. 3, p. 52, PL VI, figs. 37, 38), may bo considered as the prototype. 

Waagen (Pal. Ind., scr. XIII, vol. I, p. 60) has referred Nautilut convergent, 
Abich, to his group of " ophionei," but this group is readily distinguished from 
NautUvt hunicut by its more numerous and rounded whorls, by its larger umbilicus, 
and by the absence of a siphonal lobe. To me, therefore, the similarity of Waagcn's 
group of " ophionei " to Nautilut convergent and its allies seems to be rather dis- 
tant only. 

Xenaspis caubonaria, Waagen, PI. I, flg. 2. 

1873. CerBtita curiMviw, Vtfgiii. Memoirs, QmI. Soirflj of India, rol. I X, p. tSS, PI. I, figs, i, 3. 
187*. Xenoditeu* earbonaritu, Waagso. Salt Kaogs Fowl*, Palmmtoloiria Iodicm, •«. XIII. toL 1 ; 

Proonettu Umottone foal, p. 35, Fl. II, fig*. 8— S. 
1886. XtwupU corionaria, Waagen., itid H vol. II, Fossils from the Oiatit* fotmatioo, p. 181. 

In 1895, Waagen introduced the genus Xenatpit for tho group of Ceratitet 
earbonariut, which he had preTiously included in the genus Xenoditcvt. In my 
memoir on tho Cephalopoda of the lower Trias of the Himalayas I accepted the new 
genus as defined by "Waagen. I considered it justifiable to separate Xenatpit from 
Meekocerat, White [Oyronitet, Waagen), Prionolobvt, Waagen, and Ophicerat, 
Griesb., to which this genus bears a striking similarity in its general shape, not only 
on account of the different length of body-chamber, but also owing to the different 
course of development of the sutural line in the lower triawic genus. I consequently 
distinguished four genera among tho pcrmian and lower triassic representatives of 
Gymnitince, namely: Ophicerat and Ftemingitet, both comprising cvoluto forms 
with a short body-chamber and a spiral sculpture, on the one hand, and Xenatpit 
and Vithnuitet, characterized by a long body-chamber, on tho other. 

I prefer to maintain this view provisionally, so far at least as regards the 
generic difference of Xenatpit and Meekocerat (Oyronitet, Prionolobus), notwith- 
standing tho arguments of several paleontologists, who are disinclined to consider 
the length of the body-chamber in ammonites as a character of importance for their 
generic distinction. 

Against the view of such learned authors, who, lileo Haug, consider the import- 
ance of the length of the body-chamber in the classification of ammonites as of little 
value, but lay special stress on the arrangement of sutures only, the following 
passage from Waagen's Memoir " Die Formenreihe des Ammonites subradiatut " 
(Geognost Palaeont Beitragc, Munchcn, II Bd., 2 Hoft) may be quoted :— 

" We can we that in tho u'evelopment of new mutations the general shape— being the 
one that changes first— is most readily affected by the tendency to transformation. After that follow 
the sutural line, tbe shape of the body-chamber and aperture, — lastly, the sculpture. It is obvious, and 
in accord with other experience*, that characters so easily influenced by variation must be of the leaet 
importance for the organisation of the animal, that on the other hand characters showing the strong- 
est resistance to variation must stand in close connexion with tbe anatomico-morphological struc- 
ture of the animal. Thus a change in such parts would involve a more or less considerable cbsnge 
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in tbe animal'* principal qualities. This argument may b* applied to the chuuificaticn of waio- 
nite», and there shows iU important. Hence the genera) shape, which in so many cases bat been 
considered aa tbe moat important basis of classification (Eintbeilnngsgrund), will now appear to be of 
the least eoosaquence, whereas ebaractor* that wore neglected by all except Suets, namely, aperture 
and body-chamber, will form tbe strongest law cm of classification." 

I am glad to state that E. Philippi, in his excellent monograph of the Ceratites 
of the German Uppor Muachelkalk (Paloaontologische Abhandlungen von Dames 
und Eoken, ,voL VTII, Pt. &), entirely agrees with me both in the classification of 
the GymnMna, and in the supposition that a phylogenetio relationship exists 
between Xenaapia and Gymnitee. 

Dr. Noetling in his Beitxage zur Geologic der 8alt Range (Neucs Jahrb. f. 
Mineralogie, etc., Beilagebd. XIV, 1901, p. 460} takes a different view of the 
matter. He is of opinion that the length of the body-chamber cannot be con- 
sidered of paramount importance, and strongly criticises Waagen for having found a 
generic distinction between Xenodiacua, Xenaapia and Gyronitea absolutely neces- 
sary. " Tbe absurdity of such distinctions," he states, " is clearly obvious, when we 
have to decide whether a well-preserved specimen, whose body -chamber is imperfect, 
should be classed with Xenodiacua or Gyronitea. Whatever be our decision, no one 
can prove whether we are right or wrong." 

Noetling's remarks are entirely justified from a geologist's point of view, and 
I fully agree with him in the opinion that the difficulty of arriving at a satisfactory 
determination of fossil ammonites is considerably increased by the method of sepa- 
rating genera on the basis of characters, which in fossil examples are only acci- 
dentally available for observation. I do not, however, see any way out of this 
difficulty. If a series of forms contains an assemblage of characters not common 
to other forms, it must be kept generically separate from the latter so long as 
palaeontology is based on zoological principles. As a biological science, paleontology 
cannot satisfy the requirement of geologists, that the distinction of genera should 
rest only on such peculiarities as are accessible to observation in tbe majority of 
fossil remains. This requirement palaeontology is not able to satisfy except in a few 
instances. The difficulty of distinguishing fossil Gastropoda is well known and is 
universally accepted. Their classification has been based, since the times of Cuvior and 
Mime Edwards, on organs which are never preserved in the fossil state. Yet no 
paleontologist dares to object to this method, nor to introduoo one for recent, and 
another for fossil, shells. I must therefore insist on the value of the length of the 
body-chamber as a character of generic importance, although in fossil ammonites 
we find it very exceptionally in a state of perfect preservation. 

The generic claims of Xenodiacua or of Xenaapia are therefore equal to those of 
Celtitea, which has been acknowledged as a proper genus by all palaeontologists, but 
is only distinguished from the Cerotitidce by the length of its body-chamber. 

In one case only should I feel considerable uncertainty as to whether Xe>to- 

discus and Xenaapia should or should not be considered generically distinct from 

Gyronitea. 11 a number of examples were found, which from their intermediate 

c 
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character left us in doubt as to whioh of thoso genera they should be referred to, the 
advisability of questioning the generic importance of the length of the body-chamber in 
ammonites might be admitted. But at present I have no reason to suppose that 
go great a variability in the length of the body-chamber really exists among the 
group of permian and lower triassic ammonites, which have been divided into the 
genera Xenodiacua, Xenaapia, Gyronitea and FHonolobua by Waagen. 

There is, however, a second and moredelicatepoint, to which Dr. Noetling alludes 
in his above-quoted memoir, and this is the separation of Xenodiacua and Xenmpi* 
as introduced by Waagcn. To this separation Noetling strongly objects, lie observes 
that from his own collections there remains no doubt as to a distinct ornamentation in 
Xenaapia, which, being provided with prominent ribs, cannot be placed among 
the Ammonea leioatraca, as has been suggested by Waagen. 

If we oompare Waagen'B type-specimen of Xenaapia carbonaria or the triassic 
species, which were classed by myself among the genus Xenaapia, with Xenodiacua 
plicatua, Waagen, the prototype of the genus Xenodiacua aetuu (atricto), the difference 
of their sculpture will bo obvious. I must, however, candidly admit the possibility 
of intermediate or transitional forms being found to connect these widely differing 
extremes. Then, indeed, a great difficulty might be experienced in the attempt to 
separate Xenodiacua and Xenaapia. 1 liave pointed out the difficulty of distinguishing 
between Ammonea leioatraca and trachyoatraca in those oases in which a strongly 
sculptured species, which belongs decidedly to the trachyoatraca, is connected with 
a smooth one by a series of transitional shapes, as is the case in many species of Dantt- 
tilea and Qyroniiea. 

These transitional sorios, within which the two sub-divisions must be distinguished 
in a rather arbitrary manner, clearly point to a closer relationship, by which they 
appear to be linked together. They seem to prove that the classification proposed by 
E. von MojsiBOvios, which has been followed advantageously in the descriptions of 
upper triassic ammonites, becomes useless, if one has to deal with ammonites of 
permian or of lower triassic age. 

It must be confessed that I have not been able to arrive at a satisfactory conclu- 
sion with regard to the points upon which the difference of opinion between Noetling 
and Waagen principally depends. Tho subject may still afford grounds for further 
discussion, but this, I think, would be advantageously delayed till a thorough revision 
of the fossils from the Ceratite formation has been completed. Then only will it be 
possible to determine how far we may bo permitted to limit the extent of genera 
among ammonites with ceratitic sutures, which all nppear connected aud linked 
together most intimately by intermediate and insensible gradations of shape and 
ornamentation . 

Without wishing to deny the possibility, or even the probability, of the correct- 
ness of Dr. N ceiling's conclusions, I therefore considered it desirable to retain 
provisionally the proper generic denomination of Xenaapia for the smooth or faintly 
ornamented types of Xenodiaoua, which differ from Gyronitea or Prionolobua by 
the presence of a long body-chamber. 
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In Walker'8 collection Jenaspi* carhonaria, Waag., is represented by a single 
specimen, which is, however, sufficiently well preserved to admit of its identification 
being made with certainty. 

My specimen is considerably smaller than the two large examples figured by 
Waagen, but is almost as large as the chambered fragment from Jabi, which 
gave "Waagen an opportunity for studying the sutural lino of the species. The 
mode of involution and the outlines of the transverse section aro exactly identical in 
both specimens. It is chiefly by the small amount of overlap that the present 
shell is readily distinguished from the very similar Ophicerat Sakunlala, Diener. 
Whereas in 0. Sakuntala the whorls overlap each other by more than one-half their 
height, in the present specimen little more than the siphonal area of the penultimate 
whorl is covered by the last volution. The siphonal area is somewhat flattened 
and joins the very slightly arched lateral parts in a sharply rounded ventral 
margin. The umbilical margin is less distinctly defined. From this margin the 
umbilical wall slopes to the umbilical suture at an angle of 45 degrees. 

The largest transverse diameter is situated a little below the middle of the height 
of the cross-section, which, consequently, is oval rather than lanceolate. 

The shelly layer, which has been partly preserved, is entirely smooth. Even 
in the distal portion of the last whorl, which corresponds to tho body-chamber, the 
surface does not exhibit any trace of ribs or folds. In my specimens a little more 
than one-half of the last volution belongs to the body-chamber, but as tho peristome 
is not preserved, the actual length of the body-chamber must havo been considerably 
greater. 

The measurements of this specimen are as follows : — 

Diameter of the ■bell . . • 86 mm. 

„ „ umbilicus . . 14 „ 

Height of the ( from the umbilical suture 13 „ 

hut volution l „ preceding whorl H'5* 

Thickness of tho lut volution . . • . . • . 7 „ 

Suture*. — The sutures are identical with those in Waagen's type-specimen 
from Jabi (1. c, pi. II, fig. 4 <?). The siphonal lobe is broad and short and is 
divided by a median prominence, which is at an equal height with the middle of the 
siphonal saddle. Besides the siphonal lobe and saddle, two lateral lobes and saddles 
ore present, but no auxiliary elements. The inner wall of the second lateral saddle 
is cut off by the umbilical suture before any auxiliary lobe has been developed. 

All the lobes aro providod with denticulations. Their denticulate oharacter is 
easily destroyed by weathering or by an incautious use of muriatic acid. But, where 
the lobes were cleared cautiously, their termination in distinctly serrated ogival 
arches has been made clearly visible. 

The arrangement of tho sutures is a decisive argument in favour of an identifi- 
cation of the present specimen with Zenatpi* carboaaria. From all the species of 
0 phicerat, some of which it very closoly resembles in its general shape and out- 
lines, it differs remarkably by the absence of any auxiliary elements. The same 

ot 
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remark applies to the majority of species, which have been included in the genus 
Gyronitea by Waagen, with the single exoeption of O. nangaenaia and O. vermyformis. 
Gyronitea nangaenaia, "Waagen (8alt Range Pom., Pal. Ind., ser. XIII, voL II, Fos- 
sils from the oeratite formation, p. 297, PL XXXVII, fig. 5), however, though 
imitating Xenaspit carbonaria in the arrangement of its sntural elements, can be 
distinguished from the latter species at a glance by its more slowly increasing 
volutions and biangular outlines. With G. vermiformit also the external similarity 
of our specimen is only very distant 

In the Salt Rango Xenaapit carbonaria is restricted, according to Noetling's 
observations, to the topmost beds of the middle Froductus limestone. 

CvcLOLours Walkbri, nov. sp., PL I, fig. 3. 

It is well known how great an interest both geologists and palaeontologists 
have attached to the discovery of tho famous Cyelolobua Oldhami, collected by 
Waagen in the upper Froductus limestone of Jabi. Waagen, in his first description of 
this " oldest true Ammonite " (Mem. Geol. Surv. of India, vol. IX, p. 351), attributed 
it to the genus Tkylloceran. E. von Mojsisovics in 1873 (Das Gebirge um Hallslatt, 
Abhandlgn. K. K. Geol. Rcichs., VI, Bd. I, Th., pp. 72, 83) pointed out its 
allinity to tbe triassio genus Areeatea,' especially to the groups of Cymbijormea 
and Tornati. " Areeatea Oldhami," he states, " resembles the former in the parabolic 
arrangement of its sutures, and tho latter in the development of indentations at the 
base of the lobes." In his monograph on the Froductus limestone fossils (Salt Range 
Fossils, Pal. Ind., ser. XIII, vol. I, p. 21), Waagen retracted his former identifica- 
tion and fully confirmed the correctness of E. von Mojsisovics' statement, but 
introduced the new genus Cyelolobua for tho reception of the ammonite from 
JabL 

Waagen considers the following characters of importance for the separation of 
the new genus Cyelolobua from the group of Areeatea cymbtfortnia. "In Areeatea 
cymbtformia and its allies the single lobes are much more ramified, and secondary 
lobes appear between the principal ones. The distance of the septa is about equal 
throughout their extension and not much larger on the siphonal part of the shell, as is 
the case in Cyelolobua, and the lobes of the succeeding septa arc not shifted 
sideways." 

In 1882 E. von Mojsisovics, in his memoir " Cephalopoden der Moditerranon 
Trias provinz " (Abhandl. K. K. Geol. Reichs., X, p. 166), described a large 
number of ammonites of the group of Areeatea cymbiformia, for which the new 
generic designation Joannitea was introduced. While pointing out tho close affinity 
of this new genus to Cyelolobua, he remarks that Joanniles differs from Cyelolobua 
in its polyphyllic and bipartite saddles, this being, however, tho only difference of 
sufiicient importamce to justify a separation of the two genera. 

Among Walker's collection from the permian limestone of Chitichun. No. I, 
there is a specimen of Cyelolobua, which appears to be distinguished from C. Oldhami 
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by the character of its sutural line, which points to a still more intimate relationship 
with the genus Joannitet of triassic age. 

The only individual representing this interesting species, for whose specific 
denomination the name of its discoToror is proposed, is an entirely chambered cast 
Of the shelly layer only small fragments hare been preserved. Of the body-chamber 
nothing has been left, but traces of its matrix on the surface of the last volution lead 
ono to suppose that the present cast is only the inner part of an individual, which in 
the full-grown state must have reached very considerable dimensions. 

In its general shap» the shell exhibits tho outlines of a typical Joannitet. The 
slowly increasing whorls are broadly lenticular, with an equally rounded siphonal area 
which passes gradually into the lateral parte without forming an edge. The lateral 
parts are very flatly curved and join the Bteep umbilical wall in a distinctly marked, 
sharp edge. The umbilicus is narrow, deep and funnel-shaped. As the involution 
takes place exactly at the umbilical margin, no strips of the inner whorls are 
exposed within the umbilicus. 

The largest transverse diameter of the shell corresponds with the umbilical 
margin. 

From C. Oldhami, Waagon, the present species is distinguished in general 
shape by its thicker and more rapidly increasing volutions. In C. Oldhami 
the involution is very great, M so much so that nearly two-thirds of tho room within 
the last whorl are filled up by the preceding one." In C. Walker* the siphonal part 
of the penultimate whorl reaches only one-half of the height in the last volution. 

Varices are not distinctly developed. There is one contraction in the anterior 
portion of the last whorl, which might bo considered as an impression of a varix (ac- 
cording to the definition of Suess), but is restricted to one side of the shell only. 

The measurements of my type-specimen are as follows :— 



Diameter of the shell ........ 68 mm. 

„ „ umbilicus . . . . . . 9 „ 

Height of the r from the umbilical (future . . . . . 49 „ 

last whorl l „ preceding whorl Z6 „ 

Thickness of the last volution ....... 3tt-5 „ 



Sutures.— The most important character of this species is the sutural line. 

The general arrangement is tho same as in Joannitet or in the typical species of 
Cyclolobut, the sutures forming a parabolic arch, which is, however, less strongly 
curved than in 0. Oldhami. Tho whole sutural line is composed of ten lobes and 
corresponding saddles, which are largest near the siphonal part of the shell and 
gradually decrease in size as they approach the umbilical margin. The projection of 
the periphery of the preceding wborl touches the apex of the third lateral saddle in the 
last volution. The auxiliary series consequently begins at the umbilical side of this 
saddle. Thus tho suture is composed of three lateral and seven auxiliary lobes and 
corresponding saddles. 

The siphonal lobe, which is the largest of all, is divided into two branches by 
a very large median prominence. This median prominence almost assumes the im- 
portance of a saddle proper, is provided with phylloid ornaments, and recalls the 
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strongly developed median prominence in Joannitet. Each of the two branches of 
the siphonal lobe is divided hy a large monophyllio denticulation. Tho two portions 
of the branoh adjoining the denticulation are ramified asymmetrically, the outer 
or siphonal portion being provided with two, the inner or umbilical portion with three, 
indentations. 

The principal lateral saddle is slender, bipartite and of phylloid outlines. The 
remaining saddles are monophyllio, terminating with a single, undivided, roundish 
phyllum, whereas their stems aro ornamented on both sides with short, small, dentated 
branches, arranged at right angles to the axis of the saddles. 

The lobes are trifid at their base, the median indentation slightly exceeding the 
two lateral ones in length. 

I have not succeeded in developing all the details of the sutural line, but its 
most important elements, the three principal lobes and saddles, could be made entirely 
visible near the proximal termination of the last whorl. They differ remarkably 
from the corresponding sutural elements in Cyclolobut Oldhami. It is especially the 
bipartite character of the principal lateral Middle— corresponding to the siphonal 
saddles in tho majority of ammonites— in which the present species exhibits a close 
affinity to tho tria&sio genus Joannitet, Mojs. The oldest representative of this genus, 
Joannitet proarug, Dicncr (Die Ccphalopodonfauna der Schicehlinghdhe bei Hallstatt, 
Beitmge zur Palteont. und Geol. Ocsterr.-Ungarns, etc., Bd. XIII, 1900, p. 13, Taf. I, 
fie*. 1, 2), has been noticed by myBelf in the upper Museholkalk of the Schiechlinghohe 
(zone of Ceratiteg trinodotut) near Hallstatt. The sutural line of this species is un- 
fortunately unknown. A small number of species has been described by E. v. Mojsis* 
ovics from the ladinic stage (strata of Buchcnstein and Wengen). It is, however, not 
to these species, but to the geologically younger representatives of the group of Joannitet 
cymbiformit, that our specimen appears to be most intimately allied in the character 
of its principal lateral saddle. Although this saddle is more complicated in its outlines 
and more richly ornamented in J. cymliformis, it agrees in the slender shape of its 
stem with Cyclolobut Walkeri, whereas in the ladinic species of Joannitet the saddles 
are very broad and bulky. 

In spite of the bipartite character of its principal lateral saddle, the present 
species ought, I think, to be left with the genus Cyclolobut on account of the mono- 
phyllio shape of the remaining sutural elements. It may, however, be taken as a proof 
of the intimate developmental connection by which Cyclolobut is linked as closely 
to Joannitet, Mojs., on the one hand, as it is to Waagenocerat, Gcmmell., on the 
other. 



This species is represented by four poorly preserved specimens, which neither 
it of accurate description nor are worth figuring. 

In one of my specimens the smooth, slightly thickened inner lip is accessible to 
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observation, but the rest of the aperture has been entirely broken off. This 
specimen, which is by far the largest, resembles Xaticoptti Waageni, GemmelLaro 
(La fauna dci calcari con Fusulina dolla Valle del Piume Sosio, Fasc. II. Palermo, 
1889, p. 131, PL XVIII, figs. 2, 3), whereas the three smaller specimens recall 
Naticopati minuta, Gemmellaro (1. c, p. 36, Tav. XV, figs. 5, 6). No identification of 
the species can, however, be based on such insufficient materials. 

BBACHlOPODA. 
Sfiriferina Margarita, Gemmellaro, PI. I, fig. 7. 

\m. Shnf<H»» Mirsarii*. ««ddm>11«.. I* f uu.de! cw*ri ooi> Fmliit d»ll» V»1U M Flam. Scio. 
y«c IV, Pt«. I. p. 890. T»t. XXX, %c St-23. 

The identification of the Himalayan shells here under consideration with Gem- 
mellaro's Sicilian species is, I think, perfectly certain. I had for comparison several 
specimens from the " calcare grossolano " of Pietra di Salomone, which had been col- 
lected by my friend Dr." G. von Arthabor. They all agree so very closely with my 
Himalayan specimen* that there can be no doubt as to the identity of the species. 

The general outline of my Chitichun specimens is pentagonaUy oval or circular, 
the length and breadth of the shell being nearly equal The bingo-line is shorter 
than the greatest width of the shell. The species is so variable in thickness, that 
specimens of a globular shape, of which the thickness is greater than either tlie 
breadth or tho length, occur together with moderately inflated examples. The two 
valves are almost equally convex. 

The ventral valve is provided with a deep mesial sinus, which begins at the 
apex, bug before any lateral folds are developed. The sinus is not rounded but 
has a triangular transverse section, being bordered by two evenly converging flanks, 
which unite in a sharp median edge. In a small number of specimens this median 
edge is obtusely rounded off. The beak is huge, prominent, well incurved and 
pointed. The area is rather variable in its width, slightly concave, with cardinal 
angles rounded off and passing very gradually into the lateral parts of the valve. 
Its triangular fissure is large and marked off from the area by a distinct furrow. 
There are from four to six radiating ribs on either side of the sinus. 

The dorsal valve is barely less inflated than the ventral and is provided with 
a very small but distinctly developed linear area, which is limited off sharply from 
the hinge-line. The mesial elevation or fold is broad and considerably elevated 
above the lateral parts, but obtusely rounded off, not angular like the corresponding 
mnus in the ventral valve. In some of my specimens the front-margin is slightly 
produced. The radiating folds, which cover the lateral parts, arc of the same pat- 
tern as in the ventral valve, varying in their number from four to six, equal in their 
breadth to the intercostal valleys or furrows, and rounded at their tops. 

The surface of each valve is covered with numerous, concentric laminae, some 
of which are more prominent than the rest and imbricating. 
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The internal characters of this species hare been studied by Gemmellaro. I hare 
not been able to ascertain them in any of my specimens. 

The measurements, taken from two examples of rery different size, are as 
follows :— 

I. n. 

Entire length of the shell 16 mm. 12mm. 

Length of the donal velvc .... 12 „ 10 „ 

Entire breadth of the shell ..... 18*5 „ 13'S „ 

Length of the hinge-line .... 12 „ 8 „ 

Thickoees of both valves . . 12 „ 9*5 „ 

The second specimen is a good representative of Gemmollaro's Spiriferina 
Margarita var. dilatata. 

Aumber of specimens examined. — 12. 

Remarks. — Gemmellaro considers this species as very nearly allied to Sp. multi- 
plicata, Sow. "W hile admitting the relationship between the two species, I am of 
opinion that to the distinguishing features given by Gemmellaro, the smaller dimen- 
sions of Sp. mvltiplicatn might be added. The similarity of this group of permian 
Spiriferina to the liassic Spiriferina verrucosa, to which attention has been drawn 
by Waasscn, seems to me rather distant only, the shape of the mesial sinus and fold 
making a distinction very easy. 

Sl'IKIFEKlNA OCTOPLICATA VAB. FASTIGATA, Schellwicn. 

1803. Spinjtrina (P) nbeonica. Mailer, Goreoj journel, St. Petenburgb, ToL VI, PL V, fig. 8. 

1807. 8pir\f»rina crutaia var. ottaflUata, Dientr, The peraioearb. (uu of Cbitiofaan No. I, Pel. huL, 

ser. XV, Himel. Foee, vol I, pt. J, p. 89, PI. VII, 6g* 5—7. 
1600. Spiriftriiui cristata tar. famtigata, ScbaUirlen, Die Fenee d<r Trogkofobv 'Met ten in den Ktrn'urhen 

Alpen and den Kewrankee, Attend). K. K- Gw). Eeiohm.-Ati f L, Bd. XVI, Heftl, p. 60, T»f. XI, 

fig*. 1-S. 

In 1900 Professor Schellwien described and figured a few specimens of the wide- 
spread Spiriferina cristata, Schloth., from the permo-carbonif crous rooks of Camiola 
under the new varietal designation oifastigata. They represent an exceptional shape 
of Sp. cristata, which though being very closely allied to the carboniferous Spiri- 
ferina octoplicata, Sow., is distinguished from typical forms of the latter* species by 
its broad and sharp triangular mesial fold, and still more by the shape of the corre- 
sponding sinus, which is very strongly produced beyond tho front-line. 

Schellwien has been perfectly right in stating that my specimens of Sp.' 
octoplicata from the permian limestone crag of Chitiohun No. I must bo united 
with his new variety, their lower area and more strongly incurved beaks not being 
distinctive features of any importance. I am quite of his opinion and shall con- 
sequently admit the new denomination "fattigata " as a varietal designation for my 
Himalayan shells. 

I am, however, not disposed to class Spiriferina Margarita var. contanguinea, 
Gemmellaro, among the varieties of Sp. octoplicata or cristata, as has been 
proposed by Schellwien. My specimens of Sp. Margarita from Chitiohun 
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No. I differ remarkably from Sp. octoplicata var. fastigala in their less trans- 
Tersely elongated shape, the rouoded-off cardinal angles and the little produoed 
sinus of the ventral valve. Most of these criteria of distinction hold good also in 
Sp. Margarita var. cotuanguinea, which, moreover, differs from my specimens of 
Sp. octoplicata in the broader, smooth mesial portion, and the narrower, more 
densely packed folds on the lateral parts of the shell. 

■ . 

Sfikifbr tibbtaxus, Diener. 

1897. Spirtftr tibttamu, Uianer. The permoatrb. fttmi of Cbitiebao No. I, PaL ladies, »«. XV. Himalaya 
f«fc, toI. I, pfc 3, p- 46, PI. VI, fig*. 1-7. " 

1900. Spiriftr liktow w. oetidttUalu, Schellwiixi, Di» Faana Am Tro»,koMi«hietat,io in dm K»r. 

»Uch« Alpoa and d.o Kanwaak.a. Abhaodl. K. K. gaol. R^b^-ABit, BJ. XVI, U.ft. 1, p. 76, 
T.f. XI.6>». 10-13. 

1901. Spirtfer l 3 ra mat. tiittie*. Kreeh, Ui« Dyn, Lethaw pa)*oa>ir*. II. BJ. 3, Lit-fg , p Wl. 

Having sent Himalayan specimens of this shell to Prof. Schellwien in 
Koenigsberg, they were declared to be identical with a species collected by him in 
the permo-carboniferous limestone of Ncumorktl in Caruiola. Prof. Schellwien, 
however, considers this species to be sometimes with difficulty, and ovon uncertainty, 
distinguishable from certain shapes of Sp. lyra, Kutorga, and of Sp. Parryanus, 
Toula. Prof Freeh in his list of tho pormian fossils from Chitichun No. I, 
published in 1901, even places Sp. tibetanm among the synonyms of Sp. lyra, and 
believes it to be only a modification of Kutorga's Russian species. 

Prof. Schellwicn'8 suggestion that Spirifer Me (anus might perhaps prove to 
be a mere modification of Sp. Parryanus, Toula, is, I fear, a mistake, and a com- 
parison of the original specimens of both species has led me to a different con- 
clusion. By the kindness of Dr. Th. Fuchs, Director of the Geological Department of 
the Imperial Museum of natural history in Vienna, I have been permitted to examine 
the specimen from Hinlopen Straits in Spitsbergen, wliich has been described and 
figured as Spirifer Parryanus by Toula in his memoir on " Pormo-carbonfossilion 
von der ■Wcstkuestc von 8pitzhergen " (Nones Jahrb. f. Min., etc., 1875, p. 256, Taf. 
VTI, fig. 8) . The name of this species must be changed, since the priority of the 
denomination of Sp. Parryanus is claimed by a species from the devonian rocks of 
Iowa, described in 1858 by Prof. L Hall (Rep. on the Qeol. Surv. of Iowa, vol. I, 
pt. 2, Palaeontology, p. 509, pi. IV, fig. 8), as has been stated in my memoir on the 
Anthracolithic fossils of Kashmir and Spiti (1. c, vol. I, pt. 2, p. 68). The materials 
of Spirifer Loreni, which name I ventured to propose for Toula's species, consist of 
three ventral valves only. Whether the dorsal valve, marked erroneously as fig. 7 
instead of Bd on Plate VII of Toula's memoir, actually belongs to the same species, 
is yet doubtful. Its illustration by the draughtsman is entirely misleading, the 
reconstructed wings not being preserved in the original specimen. 

The ventral valve of Spirifer Loveni differs from Sp. tibeianus not only in its 
longer hinge-line, as has been supposed by 8chellwien, but also by a less prominent 
tendency to develop secondary ribs originating from the primary costae. In Sp. 
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tibetautt* each lateral rib is subdivided into two or three smaller ones of irregular 
•trength and width, beyond the apical region. In Sp. Loteui this ornamentation 
is confined to the primary ribs bordering the mesial sinus, whereas in the adjacent 
cos fee secondary ribs are noticed in the immediate vicinity of the front-margin only. 

Schellwien and Freeh, l>y an examination of examples of Spirifer lyra, Kut., have 
been led to infer that Sp. tibetanvt is perhaps only a modification of the former spe- 
cies. I fear, indeed, that I may have too hastily excluded Sp. lyra from the nearest 
allies of my Himalayan species, chiefly on account of the absence of a narrow but 
distinct rib in the centre of the sinus in Kutorga's type-specimen, as represented 
in the very bad figure of his memoir on the palaeontology of Russia (Verhandlungen 
dcr kais. Russischen Mineralog. Ocsellsch. en St. Petersburg, 1877» p. 92, pi, IX, 
fig. 7). Prof. Schellwien, however, notes the presence of a thin median fold in the 
sinus of one of the specimens of Sp. lyra, which had been collected by Wangenheim 
von Qualen in the upper carboniferous Schwagerina limestone of the TJral Moun- 
tains. On the other hand, ho drew attention to the presence of more than two ribs in 
the flat mesial fold of the dorsal valve and the greater width of the shell in his two 
Russian examples. 

Most palaeontologists will, I think, agree with me in tho opinion, that from 
the badly drawn illustrations of Sp. lyra in Kutorga's memoir, an identification 
of this species with my Sp. tibetantttte utterly impossible. Without insisting on more 
minute differences, I must lay a special stress on one feature which seems to have 
been overlooked both by 8chellwien and Freeh. This is the remarkable difference in 
the shape of the beaks in Sp. lyra and in Sp. tibetanm. 

In tho dorsal valve of Sp. tibetanvt tho beak is barely raised above the hinge- 
line, having only a very small, though distinctly developed, area. In the dorsal 
valve of Sp. lyra, on the contrary, the beak is so rtrongly olevatcd, that in the 
dorsal view of Kutorga's type-specimen the triangular fissure of tho ventral area 
is entirely concealed by the apex of the opposite valve. It only needs a comparison 
of the lateral view of the type-specimens of both species, as given in fig. 7c of 
Kutorga's memoir and in figs, lc, 2c and 4c of my monograph on the Chitiohun 
fossils, to notice this remarkable difference. 

Tho importance of this character in Sp. lyra is confirmed by Kutorga's descrip- 
tion. He explicitly draws attention to the presence of a long, incurved beak in the 
dorsal valve " which strives to reach the beak of the opposite valve." Neither Schell- 
wien nor Freeh hint at this character of the beaks in their two Russian examples, 
which are supposed, rightly or wrongly, to belong to the same species as Kutorga's 
type. It is probably through having overlooked this circumstance, that Prof. Freeh 
confused the two shells, whereas their relationship was overrated by Schellwien, who, 
more cautious than his friend, did not venture to decide tho question of identify of 
Sp. lyi a and Sp. tibelanm. 

From such insufficient data as Kutorga's illustration and description of Spiri- 
fer lyra it would be hardly safe to reduce Sp. tibetantu to tho rank of a variety of 
the Russian species. I consequently prefer to retain Sp. tibelanva as a distinct 
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species, notwithstanding Prof. Freeh's statement to the contrary. My view is con- 
firmed by Prof, i schernyschew, who informs me that both spedtes are represented 
among his materials from the upper carboniferous Schwagerina-limeetone of the 
Urals, and are readily distinguishable by constant characters. 

Rettctjiabia cf. uneata, Martin. 

16M. Ruienlarialiiuata, IMenvr. Th» permocarb. fain* of ChitiehuD No. I, Pal. Ind.,««r. XV, Himalayan 
Ko«., »ol. I, pt. 8, p. M, pi. IX, Cgi. 5, 6, 8. Cf. R. ajinu, aoromtlW. La (.out dei ralcari 
cm Fuulina d«Ua -mile del F. Bclo. IT, Pt*. I (1BW). p. 830. Pi. XX X IV, fig,. 8-8, XLVI 
&g». 10, 11. 

8inoe my description of Reticularia Uneata from the pcrmian Limestone crag of 
Chitichun No. I was written, the question has been raised by several palaeontologists 
as to whether the Himalayan shells really belonged to Martin's species. 

Qemmellaro observes that the specimens, whioh hare been figured on Plate IX 
of my above-quoted memoir, are more similar to his Reticularis affinU, and that he 
only abstains from identifying thom with the latter species on account of my state- 
ment that their sculpture is exactly the same as in European specimens of Rett' 
eularia Uneata from the mountain limestone of England and Belgium. Schellwien, 
In hi9 monograph on the penno-carboniferous fauna of the Trogkofelschichten in 
Carinthia and Carniola (Abhandlungen K. E. GeoL Reichs-Anst., Bd. XTI, p. 88), 
likewise alludes to the possibility of separating some of my Himalayan examples 
from the true R. Uneata as distinct species. G. von Arthaber (Bcitrago zur 
Palaeont. und Geologie Ocsterreich-Ungarns, etc., Bd. XII, p. 269) denies the 
identity of the specimen represented on Plate IX, fig. 6, with R. Uneata, and comes 
. to the conclusion that it ought to be identified with R. JFaagem, Loezy. 

I do not wish at present to enter into further details with reference to all the 
species of Reticularia, whioh may possibly be distinguishable among the rich 
materials from Chitichun No. I. I am still of opinion that all the examples which 
have been illustrated in my above-quoted memoir, should be referred to two species 
only, to R. pvlcherrima, Gomm., and to a second Bpecics, which has been previously 
identified with R. Uneata, Mart. But I am no longer so convinced that this latter 
identification is strictly correct. 

If we compare the type of shells, of which fig. 5 on Plate IX of my memoir 
on the Chitichun fauna is a faithful representation, with R. affinlt, Gemm., their 
external similarity is obvious. They differ from the types of R. Uneata, as figured 
by Davidson, by their more strongly inflated valves, by a more prominent apex of 
the dorsal valve and by the absence of any distinctly defined lateral margins in 
the ventral area. But all these characters of distinction arc of very little importance 
if we Bolely regard the fact that more difference is shown between tho greater num- 
ber of typical specimens of R. Uneata themselves, than is here represented between 
B. Uneata and R. affinis. Nor has the denomination of R. affinis been introduced 
by Gemmellaro for his Sicilian species on the strength of such minute details, but on 
account of its remarkable sculpture. 
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Gemmellaro's description of the ornamentation in Retieulario affinii runs as 
follows : " The surface of my type-specimens is ornamented with concentric rings, 
which are close, regular, convex and almost angular in the middle, and resulting 
from two systems of radial stritc, one of them inclined to the apex and the other to 
the front. The striae aro very delicate, hair-liko and packed very closely together. 
Occasionally radial strite of different length are met with, which intersect the con- 
centric rings." 

Notwithstanding this lengthened description I cannot perceive any valid differ- 
ence in the ornamentation of R. affinii and R. lineata. While speaking of R. 
lineata Prof. Davidson observes that in different cxamplos the radiating striue and 
concentric lines or ridges aro extremely variable in their degree of strength and 
proximity. Thus tho very close arrangement of the concentric rings, as exhibited 
in Gemmellaro'8 illustrations of R. affinii and in some of my Chitichun specimens, 
is certainly no character of any real permanency. 

Another difference, on which stress has been laid by Gemmcllaro, is tho almost 
angular character of tho concentric rings in the middle, " resulting from two systems 
of radial striae, one of thorn inclined to the apex and the other to the front," It is, 
unfortunately, not possiblo to detect this character in the figures represented on 
Plate XXXIV of Gommellaro's memoir. Prom his description (p. 331) ho seems to 
have selected a spocial figure (Taf. XLVI, tig. 11) for tho illustration of the details 
in the surface-sculpture of Reticular™ affinii, but the part of his monograph 
containing this plate has not yet been published. 

It were to refuse the evidence of my eyes if I should say that any of my specimens ' 
from Chitichun No. I could be distinguished from the common R. lineata by their 
peculiar ornamentation. But I must hasten, at the same time, to observe that the . 
majority of Himalayan specimens in their general shape do not, indeed, entirely 
agree with Martin's species. All the British types of R. lineata which have been 
figured by Davidson (Monograph of the British Carbon. Brachiopoda, p. 63, PL 
XIII, figs. 1—13), notwithstanding their great variability, aro either transversely 
oval or sub-orbicular. Among the Himalayan representatives of tho sub-genus 
Reticnlaria, sub-orbicular shapes, such as the specimens illustrated in fig. 5, are an 
exoeption, the majority being distinguished by olongatoly oval outlines. But sub- 
orbicular and elongately oval shapes are most intimately connected by intermediate 
forms, whioh appear to merge the one into the other. 

If the elongately oval outline prevailing in my Himalayan examples should bo 
considered to bo of specific value, the form from Chitichun No. I might be 
separated from R. lineata, although the general character in both is specifically the 
same. The question of their identity with R. affinii must, for the present, remain 
open. 

G. von Arthaber denies the identity of the specimen, illustrated on Plato IX, 
fig. 6, of the third part of the present volume, with the rest of my Himalayan 
examples, and believes it to be specifically identical with R. ffaageni, Locty. I do 
not feel disposed to agroe with him in this matter. 
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L. v. L6czy in his monograph on tho palasontological collections made during 
the expedition of Count 8zechenyi in Eastern Asia ^Wissenschaftliohe Ergebnisse 
der Reise des Grafen Bela 8zeohenyi in Ostasien, lit, Bd. IV, Abthlg., Buda-Pest, 
1898, p. 110, Taf. IV, flgs. 1, 2) introduced his new species for two ventral valves of 
uncommonly large size, provided with a very large, triangular fissure, a compara- 
tively small beak, and a peculiar ornamentation, distinguished by a remarkablo 
difference in the distance of tho concentric rings in tho apical and frontal regions. 
The identity of the Armenian species from Djulfa and of the specimen figured by 
Kayser in Richthofen's " China " (vol. IV, PI. XXII, fig. 8)' with Loczy's species 
is certainly complete, but the correctness of its identification with my Himalayan 
example must be denied. None of the many specimens of Eetieularia from Chiti- 
chun No. I that have come under my observation attained the dimensions of the 
smallest Eetieularia Waageni. Size alone, however, cannot bo made use of as a 
distinguishing^ .character between species which otherwise resemble each other. 
But the external resemblance of my Chitichun specimens to M. Waageni is 
onlyj distant. Notther the sub-quadrate outline, resulting from the very obtuse 
apical angle, nor the difference in the proximity of concentric rings on the surface 
of the shells, which are the most remarkablo characters in E. Waageni, have been 
noticed in any of my Himalayan specimens. 

It is therefore evident that Eetieularia Waageni, L6czy, is not represented 
among tho fauna of the permian limestone crag of Chitichun No. I. 



Reticclaria prLCHERRiMA, Gemmcllaro, PI. I, fig. 5. 

1807. Reticvlaria lineata, Dirtier. Th* permo-cubon. Fans* of Chitiehan No- I, Pal. Indies, Mr. XV, 

Himalayan Foo., mL I, pt. S, p. M, PI. IX, fig. 7 (*•» fig*. 5, 0. 8). 
1899. RctietUoria puleiwrina, GoromclUro. La fanna <l»i ealoari eonFoaulin* dalla V»lle &*\ Piunvt Sou*' 

Fur IV, Pie. I, p. 832, TjJ. XXXIV, Sri. 21-29. 
1899. S. ct pwlckirrima, G. v. Artkatar. fJW du Palnosoienm in Hoeharoaeniaa, etc., Btitrig* car 

Palwot. o. Geol. Ontmrlrl-Cn^roi, etc., XII, p. 268, TVf. XX, fig. IS, 14 . 

The group of Eetieularia lineata, Mart, is one of the most extensive of carboni- 
ferous and permian groups of fossils. In my memoir on the fauna of Chitichun No. I 
I included all the numerous representatives of the sub-genus Seticularia in the 
single species E. lineata, adopting the view of Professor Davidson, who had united 
all the congeneric shells of carboniferous age under the single denomination of 
Spiri/era lineata, Mart. While describing the materials from the permian lime- 
stone of Chitichun No. I, which had been collected by Griesbach, Middlemiss and 
myself, I did not omit to refer to the various difficulties in the way of a satisfactory 
determination of the species of Eeticularia, but, as the true E. lineata undoubtedly 
ranges from the lowest carboniferous into permian strata, their distinction did not 
appear to me of great geological importance. 

In his monograph on the fauna of the permian Sosio limestone of 8ioily, Gem- 
mellaro introduced five new species of Eeticularia which, according to his view, are 

• Q. Fltrga), " Bobor oWarbonIwho Ttmum in Ort-and 8ori»tt«i." PtlnoatogmpMcttiB, Bd. 1901, p. J81. 
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clearly defined and must bo distinguished from Martin's type. Thus it seems neces- 
sary to modify my former opinion, as the present material affords evidence that 
among the Reticvlarus from Chitichun No. I a number of different shapes may 
indeed be distinguished. The uncertainty in regard to the specific value of these shapes 
is, however, far from having been cleared up, and it is only with great reserve 
that I agree with Professor Gemmellaro in considering Beticularia pulcherrima and 
B. inmqvilaterali» as distinct species. But since the majority of palaeontologists 
seem inclined to accept a very narrow circumscription in the interpretation of 
species of Brachiopoda, I have described them separately and must leave for future 
observers to determine whethor or not this is to be taken as a correct interpretation. 
From Gemmellaro's and 6. von Arthahcr'g descriptions it will be perceived that 
the most important distinctions which these two authors suggest between Beticularia 
pulcherrima and R. lineata, arc the following : — 

Beticularia pnlchcrrima is elongately-oval, with very strongly, but equally 
inflated, valves. The beak of the ventral valve is very prominent, pointed, strongly 
incurved, but not approximate to the apex of the dorsal valve, which is much 
more strongly inflated nnd appressed to the hinge-line. The two valves are 
uniformly convex, a sinus and corresponding elevation being apparent only near the 
front. 

Among Walker's materials from Chitichun No. I this type is represented 
by four specimens, which indeed bear so little external resemblance to any 
of the shapes of Reticularis lineata, that, until better evidence to the contrary 
arises, I have considered it desirable to separate them from the last-named 
species. 

The specimen, of which an illustration is given on Plate I, fig. 5, differs from 
Gemmellaro's Sicilian examples in the presence of a ventral area, which is separated 
from the remainder of the shell by indistinct edges. 

In this character it agrees with the Armenian oxamples from the Otoceras beds 
of Djulfa, which have been described by G. von Arthaber. ' But this difference 
loses much of its importance from the fact that in the rest of my specimens the 
lateral margins of the- area are quite as ill-defined as in Gemmellaro'B examples 
from the Sosio limestone of Sicily. 

The specimen, figured on Plate IX, fig. 7, of my memoir on the fauna of Chiti- 
chun No. I, must undoubtedly be identified with the present species. 

My specimens arc all small. The measurements of my largest example are 
as follows : — 

Entire length of tho shell . . . . . . .18 mm. 

Length of the dortst valve . . • • < • . 16 „ 

Entire broatlth <>f the shell ........ 1S'6 ,, 

Length of the hinge-line ........ 9 „ 

Thickness of both tsIvh . • . • . . 15 „ 



Remarks. — Reticularia pulcherrima is a species of exclusively permiau age, 
having been recorded hitherto only from the Fusulina limestone of 8osio and from 
the permian Otoceras beds of Djulfa. # 
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Reticflaria ikjequilatbkalis, Gemmellaro, PI. I, fig. 6. 

18S9. lUticularia inajuilattratit, 0«mmcllaro. Ia Fuuu M mlouri oon Fwalioa drIU r*]|o dri P. 
Sooo, Fdm. IV, Pie. I, p. 33d, T»f. XXXV, Kg*. 2-81 ; Tkf. LXVI, fig. IS. 

The external characters of this remarkable species have been fully described 
by Gemmellaro. Its most important feature is the asymmetrical shape of the 
valves and tho position of the apex, which is shifted either to the left or right side 
of the shell. 

The specific claims of Retieularia iniequilaieralig will certainly be the subject 
of considerable difference of opinion. Paleontologists may be inclined to 
consider the asymmetry in the shape of the valves and in the position of the beaks 
as pathological characters only. This seems to be Dr. G. v. Arthabor's view, who, 
in bis memoir on the palicozoio rocks of Djulfa (1- P- 269). has placed R. 
itnequilateralit among the synonyms of R. Waageni, Loczy. Great stress must, 
however, be laid on the very large number of specimens by wbioh the species is 
represented in the pcrmian Fusulina limestone of Sicily at different localities, as 
Passo di Burgio, Rocca di San Benedetto, Pietra di Salomone. Nevertheless it 
remains still to bo ascertained whether this asymmetry can be considered as a 
feature common to the species or peculiar only to some specimens which belong to 
different groups. 

Two specimens among the Reticularis from Chitichun No. I I leave provi- 
sionally with R. inmquilaleralis until richer materials admit of a more correct 
classification of tho numerous species of this sub-genus. In both of my specimens 
the beaks am shifted considerably towards the right, the specimens having been 
placed in their proper position, front-margin upwards. Thus the flanks of the 
beaks arc of a very different length, one of them being limited by concave, and the 
other by convex, outlines. In the figured specimen the beaks of the two valves 
approach one another. In my second specimen the beak of the ventral valve has not 
been preserved. A sinus and corresponding mesial elevation are only slightly deve- 
loped. Thoy do not occupy the middle portion of the front-margin, but are shifted 
to the left, thus corresponding to the position of tho beaks. The lateral margins 
of tho area are not distinctly defined. 

Tho surfaco of the shell is not sufficiently well-preserved to exhibit anything 
more than numorous concentric lines of growth, which are a common feature of 
tho sub-genus Reticular ia. 

Spiuigkha (Athyris) expansa, Phillips, PL I, fig. 4. 

1938. Bpirijm, rrfOfua, Phillip*. Otolcgy of YorMnt*. ToL II, p. 220, PI. X, fig. 18. 
18*0. Atrypa expaiua, Sowirb*. Mia. Cooah., PL DCXV1I, fig. 1. 
1840. Atrypa fimbriate, 8»worbj, (•«* Phillips) ibid., fig. 4, 

1887. Atkyrit trpamta, DavMjon. Monograph, BritUh Cwbooifcroo* Bnutiopoda, Tmoaw. Pftlacoto* 

gnphkal Soe., vol. X, p. 88, PI. XVI, fig*. 14, 18—18 1 PI. XVII, fig*. 1—6. 

1888. Athfru txpau*, Kioto*. M<Sm. com. Gool it U Ruuio. K. Pfonbourg, to]. VI, p. 4X1. 

18<M. Atiyri. tf. oifaua, l>lei*r. Anthmoolithio FawUi of Kwhmir and Spltl. P*I. Indlc*. Mr. XV, 
HbMl»jan Fowl* vol. I. p*. 2, p. 63, PI. VI, fig. 1L 
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A single tolerably well preserved specimen agrees go completely in all its 
characters with Spirigera expanta, that I do not hesitate to refer it to this carboni- 
ferous species. 

It is transversely elliptical, considerably wider than long, but remarkably 
asymmetrical. In its state of malformation it resembles the type which has been 
figured by Davidson on Plato XVII, fig. 1, of his monograph on British carboniferous 
Hrachiopoda. The two valves are equally and moderately convex and as strongly 
inflated as the majority of type-specimens of Spirigera plano#ulcata, , Phill. The 
beak is moderately produced, incurved and truncated by a small foramen. Whether 
it was contiguous to the umbo of the dorsal valve cannot be made out with 
certainty, the latter having been partly injured by weathering. Neither a mesial 
sinus in the ventral valve nor a corresponding fold in the opposite one have 
been noticed. This absence of a sinus in the ventral valve forbids an identification 
of the present specimen with Sp. mbexpanta, "Waagen (Salt Range Fossils, Pal. Ind., 
ser. XIII, voL I, Prod, limesi foss., p. 478). 

The ornamentation of the shell is incompletely preserved. It consists of 
numerous concentric lines of growth. Traces of indistinct radiating strise can be 
seen on the lateral parts of the dorsal valve. Shelly fringes or lamelliform expan- 
sions have not been noticed. 

It is difficult to convey a correct idea of tho dimensions of this shell by actual 
measurements, as the two valves gape at the front-margin. Their thickness, 
therefore, cannot be measured exactly. 

The measurements of the figured specimen arc as follows : — 

Entire length of tbe (hell 26 mm. 

Length of the dorsal valve . . E8 „ 

Entire breadth of the ahell . . . . . 86 „ 

Thicknen of both valve* ab. 19 „ 

The recurrence of Spirigera expanm in beds of permian age adds one more 
species to the considerable number of Brachiopeda, which appear to be common to 
the carboniferous and permian systems. 

Retzia (Eurtedia) oaAKDicosTA, Davidson (=Retzia eemota, Eichwald), 

PI. II, figs. 8, 10. 

I860. SijaeitmtlU rcmHa. Eiohwald. Lotluoa BW.cn, vol. I, p. 768, PI. XXXV. fig. 10. 
1868. Settia rodulu var. ymitrfiWn, P»Tidwn. Quart. Joorn. Geol.Soc, London, vol. XVIII, p. 88. 
PI. I, fig. 6. 

1863. Battia radialu tar. gnndicotta, Davidson. L. da Kcnlnek, If&Doiro Bar lea fossllcs pdWojcuqnt* 

nienclU» datu 1'Inde, p. S3, PI. IX, fig. 6. 
1888. Settia eompretta, Kajmr (son Mwk). Obertarbonlacho Fauna von Loping, Siehthofon's China, IV 

Bd., p. 176, Taf. XXII, fig.. 1—4. 
1884. Xvmttria grandieoeta, Waagon. Salt Bangs Fouila, Palaout. India, aer. XIII, vol. I. Prod. 

Llmoat. Few, p. 481, PI. XXXIV, figs. 6—12. 
1880. Rftiia granditotta, Kikltln. Mdiu. Coin. k*jU de ta Braaie, St. F&*ral>Diirg, vol. V, No. 6, p. 88, 

PI. Ill, %». 9—11. 

1S92. Settia grandicoeta, RoUipkti, Dts Parm -Triafc-nnd Jutaionaatlon anf Timor and Botti, Pn!»onto- 
graphioa, 89 Bd., p. 88, Taf. X, fig. 11. 



Digitized by Google 



CHITICHUX No. I. 



25 



io Oataanv III, Bd. IV, AbtUitg, p. 65, Taf. II, ig. 13. 
1889. Enoutria ef. ymsrfuw^ Dioner. Aatbtaeollttm Fowl, nf K»«hmlr and 8piU, PabBont Iod., Mr. 

XV, Himalayan Vam^ vol. I. pt I, p. M. PI. TI, Eg. 10. 
1600. Stttia, tf. grmdieatta, Enderte. Ueb«T eie* anthneollthlmlM Plana too Balb ITuvlen )n Klelnmien 

Beltiige lur Palnontolcgia and Gaolagla OfsUin-eSok-UDpum, eta., Bd. XIII, p. 93. 

1900. BMiia (Hutttdia) cf. grattiimtu, Seh«llwi«n. Dte Fauna der Trogliofeboblohteu in dm K.raiKlim 

Alpen nod den Kerawankrc AbhandL K. K. QtoL Belch*. XVI, Bd, p. 91, Taf. XIV, ig. «. 

1901. Btttdia jramdicotta, Flifgal. Vebrt obenaiboniatb* Fnontn am OiL-ond Suadasm, FalBooto- 

grapbiea, 48 Bd., p. 133. 

Of this species, .which had hitherto been unknown from the permian limo- 
stone crag of Chitichnn No. I, a small number of specimens was collected by 
Walker. 

All my specimens agree well with the descriptions and figures which have been 
given by Waagcn and Nikitin. Both valves are elongately oval and moderately 
inflated— not globose. The ventral valve is provided with a small, triangular area, in 
which no deltidium is noticed. The slender beak is somewhat produced, straight, 
but slightly incurved and considerably distant from the apical part of the dorsal 
valve. 

Neither sinus nor median fold are developed. Each valvo is ornamented with 
eleven to twelve strong, radiating ribs. The intercostal depressions or furrows 
are broader than the ribs and divided occasionally by very delicate, threadlike ele- 
vations, which run parallel to the principal ribs. These secondary radiating 
elevations arc only observed in casts, and are not visible when the shell of the 
specimen has been preserved. The latter exhibits a very distinct concentric striation 
in the vicinity of the front-margin, and the punotate shell-structure, which is charac- 
teristic of the genus Setzia. 

The measurements of the figured specimen are as follows : — 

Entire length of t'ue shell . . . . ■ . . .10 mm. 

Length of the UorteJ valv 8'5 „ 

Entire bre*dU) of the .bell . 8 „ 

Thiekneea of both vaJvee ....... 5 „ 

In one of my specimens (fig. 10) the internal characters have been partly made 
visible by grinding off a portion of the dorsal valve. In the figure the presence of 
two spiral cones and of a stout cardinal process or hinge-plate is exhibited. 

Number of specimens examined. — 3. 

Remark*.— Of tho external characters of my specimens the most striking are the 
elongately oval shape and the moderate inflation of the shell, the strong radiating 
costs and the absence of any sulcus or corresponding mesial elevation in the central 
portion of the two valves. From Rettia radialia, PhilL, they can be distinguished by 
all the differences which have been enumerated by Waagen, although the majority 
of those characters of distinction arc not considered by Nikitin as permanent in his 
Busaian examples. 

The Chinese specimens, which have been confounded with Rettia compreua, 
Meok, by Kayser, but are identified with Retsia grandicotta by Fliegel, may, 
however, be distinguished from my Himalayan examples by their more globose shell 
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and by the shape of the beak, which is thick, stout, and barely bent orer. Without 
wishing to deny the correctness of Fliegel's identification, I am therefore not disposal 
to accept it without some reserve. 

In size and number of ribs my Himalayan specimens agree perfectly well with 
Xikitin's type-specimens from Gshel and with Loczy's Chineso examples from 
Kansu. "Waagcn's Indian specimens from the Salt Range Productus limestone are 
a little larger (length 14 mm., breadth 10 mm.), and are provided with one or two 
more ribs. 

The specimen from the permian rocks of Timor, which has been described and 
figured by Rothpletz, is distinguished from the typical Retzia (Huttedia) grandi- 
cotta by a smaller number of ribs (7). But the character of the radiating rounded 
costs is the same, notwithstanding the variability of their number. 

The group of Iietsia grandicosta, which had been classed under the genus 
J'umetria by Waagcn, has more recently been removed from this genus and elevated 
to the position of prototype of a proper genus, Mtutedia, by Hall and Clark (Intro* 
dnction to the Study of Genera of Palaeozoic Brachiopoda, Geological Survey of New 
York, Palaeontology, toI. VIII, pt. II, p. 120). Prof. Hall observes that the various 
species from the St. Cassian beds in the Trias of 8outh-Eastcrn Tirol, which have 
been referred to the genus lietzia by Bittner, probably have their closest relations 
with Hustedia. " These are ", he states, " for the most part coarsely ribbed forma, 
some of them with extravagantly high areas. Their internal structure has not been 
ratisfactorily demonstrated." 

Bittner, in his monograph of Alpine triassic Brachiopoda (Abhandlungen K. K. 
Geol. Reichs-Anst., XIV Bd., p. 394), likewise alludes to the closo relationship of the 
majority of triassic Retries to Waagcn's genus Evmetria. Some of the species 
from the Alpine Muscholkalk, as Retzia apeewsa, Bittn., or R Mojritovicti, Bosckh, 
bear even a greater external resemblance to Bv&tedia grandicosta than R. radialia 
or H. vlotrix. # 

Hustedia grandicosta, Dav., has been united with H. remota, Eichwald (Lethaea 
Rossica, vol. I, p. 768, PL XXXV, fig. 10), by Freeh (Die Dyas, Lethaea palseo- 
zoica, II, Bd. 3, Lfg., Explanation of PL 576). This view is not in accordance 
with Nikitin's remarks, who states that at the locality at which Rhynchonella 
remota had been said to occur by Eichwald, no beds younger than limestones of 
devonian age arc known. The figures which have been published by Eichwald are 
too unsatisfactory to give any clue to tho identification of Hmtedia grandicotta and 
27. remota. For clearing up this uncertainty I am obliged to my distinguished 
friend Prof. Tscbernyschew, who declares the two species to be identical. 

" After having examined and compared ", he writes, " a number of Uralian 
and Indian examples of these two so-called species, I have come to the conclusion 
that there is no specific diffcronc© between them. Eichwald's type-specimen was 
not collected from tho devonian rocks of Kushwa, as was supposed by Nikitin, 
but from the upper carboniferous limestone in the vicinity of Sterlitamak. In 
Eichwald's descriptions the localities given are often misleading. In many cases 
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on his labels the name of Kushwa must be replaced by Sterlitamak. It is very 
difficult to get a clear idea of the true character of Hustedia remoia from 
Eichwald's illustration, because his type-specimen was a cast, devoid of its shelly 

From this statement it is evident that the two species are really identical. 
The term " remota ", from having been first proposed, should be employed for both, 
and that of " grandicotta " be placed among the synonyms. It might, however, 
be considered advisable to raise the question whether in such an exceptional case 
we ought to adhere to the strict principles of priority and not retain the name 
" grandicotta ", as it was proposed for a 6pecies of which the exact horizon had been 
determined, along with a much better description and with a correct knowledge of 
the affinities of the shell. 



UxciKEixa of. hodica, Waagen, PL II, fig. 9. 



1883. UmcimtlU inJka, W MC ». 8.U Sup Fossils, PsWotol^is Iiidi™, Mr. Xill.wd.I, 
Limestone Fcsslls, p. 795, Fl. XXX V, fig. 3. 

This rare species, occurring in the Katta beds of the middle division of the 
8alt Range Froductus limestone, is probably represented among the Chitichun 
fauna by a single but well-preserved specimen of small size. 

The development of the external characters of the shell is very similar 
to that of Uneinetla indico, "Waagen. My type-specimen is elongately oval 
and of considerable thickness. The ventral valve is strongly inflated and slightly 
more convex than tho opposite one. Its greatest convoxity corresponds to the 
region between the middle and umbonal portions of the valve. The beak is 
very thick, strongly bent over, and truncated obliquely by a large oval foramen, 
and so firmly appressed to the apex of the dorsal valve, that tho latter is partly 
concealed. 

On both aides of the beak smooth spaces are noticed without radiating plica- 
tions. As they arc not limited off from the lateral parts of the ventral valve, but 
gradually pass into them, they can barely be considered as forming a false area. 
The front-margin is almost straight, no sinus or corresponding median fold being 
developed. The latoral margins of the two valves meet in a straight but slightly 
denticulate line. 

Each valve is covered with a large number of delicate, radiating plications 
which are most strongly marked in the vioinity of the front-margin. 
The measurements of this specimen are as follows : — . 

Bntire length of the shell . . , . . • . . .7 mm. 

Length of the dorsal valve . , 5 „ 

Entire breadth of the shell 5 „ 

Length of the binge-line 4 „ 

Thick nees of both valves ........ 5 „ 

My specimen is a cast, with very few traces of its shelly substance preserved. I 
have not been able to observe the punctate structure of the shell. 

a 2 
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In its external characters my specimen cannot be distinguished from Uncinella 
indica except by its much smaller dimensions. There are especially all the features 
of generio importance, which it has in oommon with the latter species. Such 
features are the absence of an area on the dorsal side of the ventral valve, 
the thiok beak, which partly covers the apex of the dorsal valve, the ornamenta- 
tion of the shol], and the perfectly straight line, in which both valves meet. 
The great variability of dimensions in Betzia and other closely allied genera of 
Helicopegmata\& a well-known fact. I am consequently doubtful as to tho specific 
value of this character, and will provisionally refer my specimen to Uncinilla 
indica. 

Beliia himaica, Bittner (Himalayan Fossils, Faheont. Indica, ser. XV, vol. 
Ill, pt. % p. 22), from the lower Muschclkalk of the Himalayas, somewhat recalls 
the genus Uncinella by the slight development of its area and by the absence of 
any median elevation in the dorsal valve. 

Entklktes Waageni, Gemmellaro. 

1897. EnttleU* Tirktrmytclttffi, Dirntr, e* partt. The permtxttb. Fnu o< ChlUohsnNo. I, PtL Indioa, 
»r. XV, H!m*Uyaa Vol., toI. I, pt. >, p. 87, Pt. V, fig. 11 (noil figa. 7 — 10). 

18(9. EnttUtti Waaftui, G«Dn>eU«ro. U f»un» del »]«ri con Fmolin* delU Villa d«l F. Smio, fa*c. IV, 
pt. I, p. 280, T»f. XXVIII, 6p. 18-1* ; XXIX, igt. 1«— 87. 

lSTO. EnttlMts tp. ex ajf. Xafitri, Benipfr, *x partt. U«W Con ragnnrw b«i non ge n htl fottllan BrWiiopo- 
a»n, Sn*» Jrtrb.f. Uln. p. 853, T»f. XV, figt. 1— 4. 

It is to be regretted that my memoir on the fauna of Chitichun No. I had been 
published before Gemmellaro's descriptions of the permian Brachiopoda of the 
Fusulina limestone of 8ioily could bo obtained. It would certainly have boon 
more agreeable and advantageous if the introduction of synonyms such as Enteletet 
Ttchernyscheffi had thus been obviated and a oloser comparison of the two faume 
rendered possible. 

In my monograph on the Chitichun fauna all the representatives of the genus 
Enteletet — the denomination Entelet (Frech-Schcllwien) must be rejected as incor- 
rect — were united in a single species, for which the name Enteletet Ttehemytcheffi 
has been proposed. In Gemmellaro's memoir the name E. Tschcrnytcheffi is applied 
to a very different species. Gemmellaro (1. c, p. 805), however, insists on retaining 
this name for his Sicilian species and proposes to change the denomination of the 
Himalayan species into E. Dieneri, olaiming to have assigned the name to his species 
in 1892 (Bollettino Soe. soienre nat. ed econom. di Palermo, No. 3, p. 21). But 
such procedure is in contradiction to the laws of priority, neither any description nor 
illustration of his E. Ttehemytcheffi having been published in 1892, whereas in 
1897 my Himalayan species was accurately illustrated and characterized. Thus 
I am compelled to supersede Gemmellaro's term and to retain the name of E. 
Ttehemytcheffi for the Himalayan species from the permian limestone crag of 
Chitichun No. I. 

The number of species belonging to the group of Enteletet kemiplicatut, 
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Hall {rentriainuati, Waagen), has been extraordinarily multipliod by Gemmellaro's 
researches, but tho species, which hare been introduced by this learned author, 
are so narrowly restricted that their specific distinction is based on the most .subor- 
dinate details. The propriety of admittiog all those new species is certainly question- 
able, but, on the other hand, paleontologists ought, I think, to hesitate to discard 
species without having at hand for comparison the mat o rials on which they hare 
been based. As a critical examination of the permian Braohiopoda of Sicily is, for 
the moment, impossible to mo, the only thing I can do is to find out whether 
any of the new species introduced by Gemmellaro might be distinguished among my 
Himalayan materials. But I do not wish to comment on their specific claims. 
It is, however, with much doubt and many misgivings that I here provisionally 
admit the majority of Gemmellaro's new species of Enteletet. 

Gemmellaro (1. c, p. 305) objects to an identification of the specimen repre- 
sented on Plate V, fig. 11, of my memoir with Enteletet Ttohemgtcheffi, Diener, 
but prefers to consider it as a young example of his E. Waageni. After having 
obtained a second larger specimen of tho same type from Walker's materials, I am 
rather inclined to follow Gemmellaro's view. Thus Enteletet Waageni is represen- 
ted in the Chltiohun collection by two larger (dorsal) valves, which in their 
external characters agree with Gemmellaro's type-specimens from the Sosio lime- 
stone, but are somewhat inferior to them in size. 

As characters of distinction the following may be enumerated : The very 
remarkable convexity of the apex, whioh is much more strongly incurved than in 
E. Tschernyecheffi, the larger and broader area, tho dcltidial fissure of which commu- 
nicated with the truncated terrnination of the apex, and the large number of sharply 
marked strise of growth, whioh are arranged parallel to the front-margin in zig-zag 
shaped lines. 

There Is no essential difference between the Sicilian and Himalayan specimens. 
Having compared a typical example of Enteletet Waageni from the " calcare 
grossolano " of Palazzo Adriano with my two dorsal valves from Chitiohun No. I, 
the result was that I could perceive no difference in the shape of the umbonal 
regions, area and striation. To this similarity I have alluded in my memoir 
(1. c, p. 68), when stating E. Ttchemyscheffl to be " very similar if not actually 
identical with a yet undescribed species from the permian rock9 of Sicily, which 
the pakeontological museum of the Vienna University had quite recently been able 
to acquire." 

Enteletbs suiMjQTiVAi/ns, Gemmellaro, PI. I, fig. 8. 

1(99. EntHttf nbaquivolpii. GemmtUuo. La ban* dm mlctti can Fusntin* delU Vallt it) P. 8o(io. Fmc 
IV, Pto. 1. p. V6, T»f. XXVXH. fig.. 26— 32. 

I am acquainted with but a single though perfectly well preserved example 
of this species from the materials collected by Walker in the permian limestone 
of Chitiohun No. I. 

From Enteletet Ttchernytcheffi my specimen is distinguished by its smaller 
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, more compressed shape, and by a different character of tho radiatiog ribs, which 
are restricted to the anterior portion of the two valves. 

The two valves do not differ remarkably in their dimensions. The ventral 
valve is comparatively flat, with a small and poiiited apex, which is slightly bent 
over. The large, reclining area is cut open in the middle by a comparatively large 
triangular fissure. 

The dorsal valve does not surpass the opposite one greatly in size, but is more 
strongly 'vaulted. Especially its apex is more strongly incurred and is provided 
with only a very small area. 

Both valves are entirely smooth for a little leas than 'half their extent from the 
apex. Then a broad median sinus begins to appear in the ventral valve. This 
sinus is followed on each side by three low and rounded folds. The intercostal 
furrows are broader than the ribs. In the dorsal valve seven ribs are observed, 
the median fold, which corresponds to the sinus in tho opposite valve, being the 
largest. Although tho ribs are rounded above, tho front-margin exhibits an 
angular, zig-zag outline. 

My specimen being a east without any trace of the shelly substanoe. the radial 
striatum of the latter, which has been noticed by Qemmellaro in his Sicilian 
examples of E. tnbaquivalvii, cannot be observed. In the surface of the 
numerous indistinct zig-zag striae of growth are, however*, visible. 

Tho three septa in the vontral valve can be distinctly discerned. 

The measurements of this specimen are as follows : — 



Entire length of tho the]] . 
Length of tho entailer valve . 
Entire breadth of the shell . 
Length of the hingcline 
Thickness of both valves . . 
Height of the area of the smaller valve 



1S-6 

13 

15 

7 
10 . 

1 



This Bpecies appears to be easily distinguishable from both Bnteletea Ttchcrny- 
tchejji and E. Waageni by the above-mentioned characters. Its specific claims, 
in view of its close relationship to congeneric species from tho pcrmian rooks of 
Siofly, may, however, require further consideration, when more ample material 
shall have been obtained. E. Eaugi, Gemmollaro (L c, p. 273, Taf. XXVIII, figs. 
33 — 39), and E. »ub<eqttivalci$ are so nearly allied, that I should be disposed to 
consider these two so-called species as identical, if a gradation from tho low median 
fold in the dorsal valve of E. aubcequirolvii to the sharp, prominent rib in E. 
Eavgi could be proved, this being the only good character of distinction between 



Tebjsbrattjloitoa of . DSFBX89A, Waagan, PL II, fig. 19. 



, TcrrlrointoiJea Jtprtna, Watffra, Salt Binge FomTJi, Pilsont. Indies, Mr. XIII, toL I, 
Ua.wtc.ne F^.., r . 419, PI. XXXIII, Sgf. fl-B. 

Tho identification of a single incomplete specimen with this 8alt Range 
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speoies is rather doubtful and can be admitted only with great reserve. The 
external features of my specimen undoubtedly favour this identification, but are not 
sufficient to warrant it with any certainty. 

The most striking character of the genus or sub-genus Terebratuloidea, 
Waagen, is the presence of a large apical foramen, truncating the beak of the ventral 
ralre. Waagen makes this a feature of primary importance. In ray specimen 
the presence of this character cannot, unfortunately, be ascertained, as the beak of 
the ventral valve has been partly broken off. There is some probability in favour 
of a suggestion that tho outlines of the fragment correspond to the traces of a large 
apical foramen, but I 00010* not venture to assert this suggestion positively on such 
insufficient materials. I am consequently unoertain as to the generic position of my 
specimen, some of the species of the American upper carboniferous faunae, which 
belong to the sub-genus Tugnax, having been proved by Hall and Clarke to 
differ from Terebratuloidea only by their foramen being normally concealed at 
maturity. 

It is consequently with great reserve that I place this speoimen provisionally 
with Terebratuloidea, on the strength of its external resemblance to T. depretea 
from the middle Productus limestone of the 8alt Range. 

The shell is transversely oval, considerably wider than long, with very flat 
and depressed valves. The* high median fold in the dorsal valve is ornamented 
with five angular ribs, which are highest in the frontal region and gradually disap- 
pear before reaching the apex. In the corresponding sinus of the ventral valve 
there are four strong angular ribs. There are four ribs on each of the lateral 
parts in both valves. The front-line is sharp, not truncated, as in T. Davidson*, 
Waagen. 

The number of ribs in the median fold and sinus of my speoimen is slightly 
larger than in Waagen's type-specimen of T. depretea, but smaller than the num- 
ber of ribs in those varieties of Bhvnehouella pleurodon, PhilL, which in their 
general shape and sculpture agree most olosely with the present example. A variety 
of this kind is the type illustrated on PL XXIII, figs. 4 and 5, of Davidson's 
Monograph of British Carboniferous Braohiopoda, in which, however, the mesial 
fold and sinus far exceed the lateral parts in width, and are ornamented with six 
and five angular ribs respectively. 

The measurements of this specimen are as follows :— 

Entire length of the shell . ca. 15 mm. 

Length nf the dorsal valve ... „ is „ 

Entire breadth of the thell 

Thickness of both valves ....... 8'i> „ 

Terebratuloidea depretea, to which speoies the present specimen may be 
referred with some probability/has been quoted by Waagen from the upper region 
of the middle Productus limestone. This is the division of the 8alt Bange 
Productus limestone which has tho greatest number of species in common with the 
fauna of tho pennian limestone crag of Chitiohun No. I. 
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Ukcincltts jabiensis, Waagen, PI. II, fig. 5. 

1883. CneianluijaHentit.YiMgca. 8ilt.Kaiig« FokiU, P»l«soat. India, Mr. XIII, »ol. I, Prod act n« 

Liou-toi* Fou., p. 4S7. PI. XXXIV. 6g. 3. 
1»0. UnriMulufjaiientu, G. t. Arthato. Pber da> PataioUnm ic Hoctsrnnloi and Pmwo, B«lt- 

r»R» idr Had. A. Palaoot. Omterr.-Ongtna, etc., lit, p. 383, Taf. XXII. fig*. 14, 16. 

Among the group of subcuboidal Rkynekonellidee, for which the term Unci- 
nultu, proposed by Bayle in 1878, has been adopted by Waagen and Oehlert, three 
species have been distinguished in the Broductus limestone of the Salt Range by 
Waagen. For those species the denominations U. Tkeobaldi, U. jabietm* and 
U. patterns have boen introduced. 

Bothpletz in his memoir on the pennian fauna of Timor considers V. 
Tkeobaldi and V. jabientia as synonyms and unites them with U. timorensis 
Beyrich. L. v. Loczy (Wissenschaftliohe Ergebnisse der lteisedes Graf en Beia Sz6- 
chenyiin Ostasien III, Bd. 4, Abth. p. 112) went even further, placing all the species 
distinguished by Waagen among the varieties of U. timorentia. In my memoir 
on the fauna of Chitichun No. I (p. 69) I have been led to suppose that U. 
timorentit and U. Tkeobaldi ought at least no longer to be maintained as separate 
species, as they do not differ by constant characters, but that V. jabientia might bo 
retained as a distinct species. G. v. Artbaber agrees with me in this view, while 
stating that his specimens of V. jabientia from Djulf* are less transversely oval, 
flatter and more densely ribbed than V. timorentia. 

I feel satisfied that my interpretation of these species has been proved correct 
hy tho discovery of a specimen of U. jabientia among the materials collected by 
Walker in the pennian limestone crag of Chitichun No. I. 

Among my numerous specimens of U. timorentit from that locality, I have 
traced the passage from Beyrich' s type, with a flat or nearly impressed ventral valve, 
a smooth apical region and a median fold and sinus, very broad in comparison 
with the lateral parte, through 77. Tkeobaldi, in which the lateral parte and mesial 
sinus, or fold, are of nearly equal width, the ventral valve is flatly arched, not 
impressed, and the ribs cover nearly half the extent of the valves, to U. potterut, 
in which the ribs extend into the apical region. Whereas among my materials, the 
typical forms of both V, timorentia and X7. Tkeobaldi were found to be linked toge- 
• ther by a scries of intermediate types, uniting one or more of the characters which 

Waagen had believed to be of specific importance, I had never seen a specimen 
with the triangular, or rather pentagonal, outlines, by which U. jabientia is 
characterized according to Waagcn's description and figures. It was only subse- 
quently that Dr. Walker discovered a fine example of this type which differs 
so remarkably from all the rest of the specimens that I do not hositate to retain it 
as a distinct species. 

My specimen is of a pentagonal shape, exactly as long as it is broad, with 
strongly compressed valves, the ornamentation of which is restricted to the margins. 
The two valves are of unequal thickness. The ventral valve is perfectly flat, though 
not impressed, the dorsal valve slightly arched, but truncated at the front. The 
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sisus does not extend above the middle of the length of the ventral valve- It ia 
shallow and prolonged into a rectangular lobe, which is limited on each side by low, 
steeply inclined margins. Thus two elevated lateral lobes are produced in the dorsal 
Talve, which correspond to the rectangular mesial lobe in the ventral valve. The 
small deltidial plate of the apex is distinctly visible. The hinge-lino is strongly 
curved and not limited above by a false area. 

Both valves are smooth in their apioal and ventral portions. The ribs are con- 
fined to the vicinity of the margins. They are strongest on the surface of the lateral 
lobes. 'Within the sinus seven ribs are counted, the majority of which are provided 
with delicate furrows on their tops. 

Tho dimensions of this specimen are as follows : — 

Entire, length of the ehell H i mm. 

Length of the dorsal vmlve 11-6 „ 

Kotire breadth of the shell 1S-5 „ 

ThiokneM of both vaWe« 6 5 „ 

There can be no doubt, I think, as to the correctness of the identification of this 
specimen with TJ. jabiertait. The specific value of the features by which it is distin- 
guished from TJ. timorensi* scarcely requires further confirmation. I know of no 
intermediate shape by which it might ho connected with Beyrich's species. 

Uncinulut jabientit has been quoted from tho upper division of the Productus 
limestone by Waagcn, and from the permian Otoe eras beds of Djulfa by (3. v. Arthaber. 

Remarks — Gemmellaro in his memoir on the permian fauna of the Fusulina 
limestone of Sicily (Fasc. IV, pt. I, Palermo, 1890) published the descriptions of 
three now species of TJncinultis, namely, TJ. veltfer (p. 259, Tav. XXVI, figs. 51— 57), 
TJ. Amor (p. 260, Tav. XXVI, figs. 58—61), TJ. siculus [p. 261, Tav. XXVI, figs. 
64 — 68, (?) 62, 63]. It must, however, remain undecided, whether they are in reality 
more than varieties or simple modifications of V. timoretmt and TJ. jabietmt. It has 
been urged by Gemmellaro that TJ. celifer is easily distinguishable from all other 
congeneric species by the presence of longer ribs which reach from the apical 
region to the periphery of the ahelL This view is by no means correct. The intimate 
connection between the typical TJ. timorerms, with a smooth cardinal region, and 
U. velifer and TJ. pottertu, with their surface almost entirely covered with ribs, has 
been demonstrated by the study of a very considerable number of specimens from 
Chitichun No. I. (more than sixty), which indubitably, by gradation, assume tho 
characteristic ornamentation of TJ. velifer. A glance at PL X, fig. 8, of my memoir 
on tho fauna of Chitichun No. I (pt. 3 of this volume) will at once show tho close re- 
semblance between this figure and Gommellaro's illustration of TJ. vel\fer (especially 
figs. 55 and 57). No doubt, if certain typical, or what might be considered typical, 
shapes of TJ. timorensis and U.-veli/er are selected, the more distinct ornamentation 
of the apical region in the latter species might be considered as a specific peculiarity, 
but I do not admit this difference to he a valid ground for separating them 
specifically, or of sufficient value to counterbalance the great resemblance they 
present in all their dispositions and characters. 
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Nevertheless I prefer, for the present at least, to abstain from uniting the two 
under the single denomination of the Asiatic shell, until varieties with a smooth 
apical region have been discovered in the pennian rooks of Sicily. In this respect 
I follow Schellwien, who bos retained the name of 17. wltfer for his specimens 
from the permocarboniferous strata of the Eastern Alps. 

A similar difference of opinion may be expressed with reference to the specific 
claims of U. tieulvt and V. Amor. The differences between XT. Amor and XT.jabiemis 
consist in the smaller sise and more globose shape of the former specie*. The speci- 
men represented on PI. XXVI, fig. 62, of Gcmmellaro's memoir, which that author 
doubtfully refers to U. ticulut, appears still more similar to U. jabientit. With the 
latter species Gcmmellaro's illustration agrees in the pentagonal outlines and in the 
character of the sinus and ornamentation. According to the measurements given by 
GemmeUaro, the type-specimen of this illustration ought to be transversely oval, a 
length of 13 mm. corresponding to a breadth of 19 mm., and to a thickness of 9 mm. 
But if these measurements were supposed to be correct, the drawing would be 
entirely misleading, representing, as it does, a shell 15 mm. in length, 18 mm, in 
width, and 11 mm. in thickness. 

Not having had the opportunity of ozamining any specimens of Uncinultis from 
Sicily, it would be difficult for me to decide whether the example, which has been 
referred by GemmeUaro with some reserve to V. ticulns, ought in reality to be iden- 
tified with Z7. jabienris. There is little doubt, however, as to the intimate resem- 
blance existing between certain examples of Uncinulvs from Sicily and Waagen's 
Indian species. 

Camarophoria Purdoni vat gigahtra, Diener, Fl. II, fig. 18. 

16*7. CUmanflerio Qifrntf, lM«n<T. The •moomrb. Iui» nf Cbiticl.uo No I I'fa««iL Ud, t«r. XV, 
R.iuthjin Fo-, voL I. V L3, p. 1% pi. XII. fig.. 6, 7. 10. 

In my description of Canuirophoria gigantea, I did not omit to refer to the several 
difficulties in the way of a satisfactory determination of ito specific claims with regard 
to its very close relationship to C. Pmrdoni. Dav. As appreciable differences be- 
tween the two species, the remarkable sine and the larger number of ribs in C. gi- 
gantea were noticed, and special stress was laid on the fact that no intermediate 
types between the two forms were known to me. 

Having examined and compared a large number of specimens of C. Purdoni and 
■C. gigantea, which were collected in 1899 by Walker, I am now very much afraid 
that they will have to be merged into a single species. The result of my examina- 
tion was, that in different examples of Camarophoria Purdoni and C. gigantea the 
number of ribs is so variable, that it can no longer bo considered as constituting an 
appreciable difference between them. I must admit that, if we cast a glance at the 
specimen chosen for illustration (PL II, fig. 18), which in its size and outlines 
closely agrees with C. Pttrdoni, the number of ribs (24 in the dorsal valve) is the 
,Mne as in many typical examples of C. gigantea. 
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Camarophoria Purdtmi, Dav., it is true, does not appear to have attained the 
large proportions of a full-grown C. gigauteo, but size, as has been justly remarked by 
Prof. Davidson, cannot be mado use of as a distinguishing character betwoen species 
which otherwise closely resemble each other. 

I consequently prefer to admit but one species, retaining C. gigantea as a 
variety of C. 1'vrdoni. 

Cajuxofhoria. of. sbmiplicata, Gemmelkro, PL II, fig. 7- 

ISM. C*marepK*>rui tmiplwat*, Gammdbro. I*> Fmm itl e»lc*ri eon Ftraluu dtll* rail* 4*1 F. Swio, 

Fnc. IV, Ft*. I. p. 267. Tar. XXVI t, fig*. SO— 42. 
ISiiS, C. tolittria, Gomowllwo. UMtm, p. 888, Ta*. XXVII, fig*. 8ft— !». 

The identification of a single specimen with Gemmellaro's species is not perfectly 
sure, as I had no examples from Sicily available for comparison. Thus my deter- 
mination is based on Gemmellaro's figures and description only, a rather unsafe 
ground, when one has to deal with a group so difficult as the carboniferous and 
pormian Rhynchonellida. 

My specimen is of small size, strongly asymmetrical, elongated, provided 
with a very strongly vaulted dorsal valve, and with a distinctly developed sinus and 
mesial fold. 

The ventral valve is regularly and moderately vaulted. Its sinus takes rise at 
about half the length of the shell and is slightly produced at the front. The dorsal 
valve is much more strongly inflated, and its mesial fold is considerably elevated 
above tho steeply inclined lateral parts. The anterior portion is smooth in both 
valves. 

The ribs begin at about half the length of the shell and extend to the margin 
as very prominent, sharp, radiating oostte. Of these, three occupy the mesial fold 
and two the corresponding sinus, thus producing a triplicate frontal line. On the 
lateral parts of each valve there are two ribs on either side, the internal one being 
the more prominent. 

The beak of tho ventral valve having been partly broken off, the dental plates 
are exposed within the apex. The beak is rather thick, and smooth spaces extend on 
each side forming an indistinct false area. Not the sb'ghtest trace of marginal 
expansions has been noticed. 

The measurements of this specimen are as follows : — 

Entire Icwrth of the abrll ... ... 1 1 mm. 

Length of tbe dor**) valve 9 

EoUre bre*<lth of the .hell 9 >f 

Thickne*. of botb valve* 8 „ 

Gemmellaro, while admitting tho very close relationship of Camarophoria 
semiplicata with 0. Scklotheimi, v.Buoh, considers them to be distinguished by the 
followiug features. The apical angle is more acute in C. temiplicata, and the 
beak more distinctly pointed. The greatest breadth of the shell is never situated 
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in the anterior portion, as in C. Schlotheimi. The dorsal fold is nearly always 
asymmetrical and ornamented with more prominent and diverging ribs. With the 
exception of tho pointed beak, which has been partly broken off, all these dis- 
tinguishing characters of C. temiplicata are clearly represented in my specimen. 
The more or less marked presence of a false area is scarcely a character of importance, 
as it is chiefly a matter of convenience whether we term the smooth spaces on 
both sides of the apes in Camarophoria a sort of false area or not. 

Although I cannot positively assert that the present specimen and Prof. Gem- 
mellaro's Sicilian examples really belong to the same species, they are certainly 
very nearly allied to one another. This remark applies with equal reason to 
C. aolitaria, GemmeUaro, the specific claims of which do not appear to me to have 
been clearly established. I must confess, that I cannot seo any difference of impor- 
tance betweon my Himalayan example and the type-specimen of Gemmellaro's illus- 
trations. The difference in the proportion of length to width between the two 
shells is not more pronounced than one is accustomed to meet with in other examples 
of Brachiopoda, which belong to the same species. 

Camaropqoria globulin a, Phillips, PL II, fig. 6. 

1834. Ttrtintvla (IiMIn, Phillip*. Eoejclop. Met Gaology, rol. IV, PL III, fig. 8. 
1846. Camtropkoria ;Wi'm, King. Anna)* of Nat. HIiL, rol. XVIII, p. 88. 

18&0. Camarophoria 'jlol-nlimti, Kin?. Momympli of the permian fa**, of Er.(cUr»il, Tran*ar!t. Palamto- 

graph. Boa., »oL III, p. 130, PL VII, fig*. 28— Si. 
1888, Camarophoria globulin*, Davidson. Moeogrspb of the BrUUh torn- Bncbiopoda, pt. IV, p. 87, 

PI. II. figi. 88-81. 

1R83. Camaropioria globuiita, Waagra. 8aH Uaoga Pom. P»l«ont. lodisa. tar. XIII, toL I, Products* 

LiowtoM Tom., p. «48. 11. XXX. fig*. 13. It. 
1891. Cemarapi»ria gtobulima, N«taekaje*. Dia Fana* in pemaUthan AblagiTTiiigcii d«s aaatllefaan Thailaa 

dan aoropniacbau Kaatlaoda. Trod; of tkt Imptr. Uni»tr*ity of Kaaaii, t«J. XXVII, pt 4, 

p. 168, FI.V, fig. IS. 

1900. CanaropioriagUMiaa, fehell.ian. Me Faona d« Trogkor.Leairf.Un in den Kamlaohan Alpao nod 

dm Karawaokaa. Abhudl. OooL Baieha-Anat., XVI, p, W, Taf. XIV, fig.. 6> 6. 
Fiia alio tha.vnonyn,* lor C. ra.»&e«fca, Phillip*, (Geolog, 'I Yorkahira. acd. II, p. 388, PL XII, fig.. 
18— 80). 

I cannot but consider the little shells, ono of which has been figured on PL II, all 
identical with Phillips' well-known European species. 

My typo-specimen resembles more closely the British examples, which have boon 
figured by King and Davidson, than the Indian ones from Waagen's Salt Range col- 
lections. Among the specimens of Camarophoria, figured by Davidson, there is none 
to which the present specimen agrees more closely than the example of C.rhotnboidea 
which has been illustrated on PL LIV, fig. 20, of Davidson's monograph. 

It is moderately large, of globular' shape, exactly as wide as long, and provided 
with strongly inflated valves. The small incurved beak has been partly broken off in 
all my specimens, thus exhibiting the dental plates. The dorsal valvo is a little more 
strongly vaulted than the ventraL In both valves -distinct sculpture is restricted to the 
marginal region. The shallow and slightly produced sinus is divided by a mesial 
fold, which causes the front lino to ascend in a triplicate wave. 
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On each of the lateral parts two folds are developed. 

There are no traces of marginal expansions observable. In the dorsal valve the 
presence of a modian septum, which occupies one-third of the entire length, of the 
shell, is distinctly noticed. 

The measurements of this specimen are as follows :— 

Entire length of the shell . . . . . . .12 mm. 

Length of the dorsal valte . . 10 ,, 

Entire brwlth of tbe ehell U„ 

Thickness of both »»lva« . . ■ . . » „ 

Much difference of opinion exists with regard to the identity of Camarophoria 
globulin* and C. rhomboidea. Notwithstanding L. de Koninck's and Waa gen's state- 
ments to the contrary, I am disposed to follow the view of Prof. Davidson and 
Schellwien, who unite the shells from the mountain limestone and from the permian 
system under a single specific denomination. Their resemblance is, indeed, so great, 
that the difference, whioh, according to Waagen, is constituted by the shape of their 
respective ventral valves, can barely be considered as of spocifio importance. 

Notothybis TBiwJtOATA, Diener, PI. II, figs. 11,18. 

1807. Xoutkfri, trifluita, Dmut. Th. pw.wb.1. font of Chitkbu, No. I. Ptlaont. India, Mr. 
XV, HinuUjM Pom, toJ. I, pt. 8, p. 78, Fl. XIII, Sgi. 1, % 

' When publishing my description and figures of this interesting species, I expressed 
a regret that all my efforts had proved ineffectual in making out its internal 
characters. Thus it was only on the analogy of its external shape, that it could be 
placed in Waogen's genus Notothyrit. Among the materials which since then have been 
collected by Walker, N. triplicata is very richly represented. After having sacrificed 
a large number of specimens for the investigation of their internal characters, 
I have at last succeeded in making visible the brachial apparatus of the dorsal 
valve. 

Its arrangement is identioal with that noticed by Schellwien in Alpine and 
Ku^aian representatives of the genus Notothyrit. It completely agrees with the 
excellent illustration of a transverse section of Notothyrit exilit, Gemmellaro, 
which has been figured by Schellwien on PL XVI, fig. 16 A, of his memoir on tho 
permoearboniferous fauna of the Eastern Alps (Abhandl. K. K. Qeol. Reichs-Anst., 
XVI, Bd., p 102). The section exhibits the loop of the crura supporting a 
median longitudinal ridge, a peculiarity of the sub-family of CentroneUitue. This 
median ridge extends both towards the apical region and front-margin. Among 
the materials from Chitiohun No. I, specimens of Brachiopoda, in whioh the inter* 
nal characters can b^ observed, are quite an exception, the overwhelming majority 
of oasts being filled up completely with so spathip a. matrix that polished sections 
are of very little use. 

The most important specific character by which Notothyrit triplicqta is 
distinguished from other congeneric forms is its peculiar ornamentation, three 
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high and sharp frontal folds being developed in the middle portion of the ventral 
Valve. Among the material collected by "Walker, examples have, however, been 
found, in which the two folds separating the frontal and lateral parts are but very 
little more strongly developed than the remaining folds. These specimens, one of 
which has been illustrated on PL II, fig. 11, show a certain affinity to N. Wart hi, 
Waagen, but are always distinguished from that species by the presence of a 
mesial rib in the ventral valve, whereas in 3 T . Warthi tho mesial portion of the 
ventral valve is occupied by an intercostal depression. 

Tho identity of Notothyris, Waagen, and Bottranteru, Gemmellaro, has been 
completely proved by the investigations of Sohellwien. 

Among Walker's fossil materials from Chitichun No. I, the genus Notothyrit is 
rather richly represented. There are altogether four species, which may bo safely 
assigned to that genus, two of them being identical with Sicilian forms. 

Notoxhtris meditkbkakea., Gemmellaro, PL II, figs. 14, 15. 

1809. Xvtra.ttri, mtdlfrrowmm, femmtlkrn. La f M .,» iri ckmri mi Fuwlin* drib V.1I. d*l F. P«io, 

iW. IV. PU. I, p. 844. T»v. XXVI. fig». 1—8 ; XXVII, fig. M>. 
im. KostntUri. imfut.m, Getuewlluo. 7»irf, p. 845, Pi. XXV, Sgt. 48-46 ; XXX, fi*. 48. 

The identification of four specimens from the permian limestone of Chitichun 
No. I with Gcmniellaro's Sicilian species does not seem in any way doubtful, as 
far as one can judge from the excellent illustrations given by the Italian author. 

The general outline of my specimens is elongately oval, with a slightly 
compressed posterior portion and a distinctly triplicate frontal wave. The two 
valves are unequally vaulted, the ventral valve being deeper than the dorsal. 
The ventral valve is strongly arched both in longitudinal and transverse directions. 
Its beak is large, prominent and truncated by an oval foramen. Tlio triangular 
fissure is entirely concealed below the apex. 

On the front-mnrgin two strong folds of the ventral valvo meet three corre- 
sponding folds of the dorsal valve in a W-ahaped line. On the lateral parts of the 
ventral valve one more fold is noticed on each side. Those lateral folds are very 
short and in one of my specimens only indistinctly developed. Gemmellaro 
does not mention the presence of lateral folds in his Sicilian examples, though they 
appear to be represented in two of his illustrations (PL XXVI, figs. 2 and 5). Tho 
posterior portion of tho shell is perfectly smooth in both valves, the folds in the ventral 
valve taking rise at about half its length and those in the dorsal valvo being still shorter. 

The measurement* of the two figured specimens are as follows :— 

Kg. 14. Tig. 16. 

Entire length of the dell 16 5 mm. 10 mm. 

Length of the dontl v»lve 14-5 „ 8 „ 

Enlue breadth of the ebell l£-& „ 8 „ 

Thickow. of both vulvee 10 „ 6 6 * 

Number qf tpeeiment examined. — i. 

Bemark».~ The importance of the elongately compressed shape of the anterior 
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portion as a character of specific value is questionable. Gemmellaro regard* it as a 
feature by which it may be distinguished from Rottranteris infiatum. I am not, 
however, quite so certain as to the absolute value of this character in the forms 
under disonssion, as in one of my Himalayan examples (fig. 15) the anterior portion 
of the ventral valve is decidedly more gibbous than in the Sicilian specimen illus- 
trated on PI. XXVI, fig. 5, of Gemmellaro's monograph, thus forming a passage 
from the typical Rostranterie mediterranean* to B. inJUdnm. 

If the separation of tho two species ought to be maintained, as has been 
advocated by Gemmellaro, the name Rostranterit (recte Notothyrit) infiatum must 
be changed, this denomination having been assigned to a species of the 8aH Eange 
Productus limestone by Waagen (1. c, p. 384). 



Notothxms bxilis, Gemmellaro, PI. II, fig. 16. 



r nil*, GommeHwo. la f»ana dal atari con Porelha <J*IU V»lle del P. SmIa, Fin. IV, 
PU>. t p. 8*3, PI XXV. fig*. 68-70 ; XXVII, fig. AO ; XXX fif. 48 
190a JfoUtlyru ttilit, Hoturilwiim. Di. F>oi» <Ur TrogkoMwliiohtcn In den KuniwUn Alps nn» 
dm KumwankM Abtnmdl. K. X. Geol. Beiobn-An*., XVI, p. 108, Ttt XT, fig*. IS— IT. 

This species is distinguished from Notothyrit me&Uerranea by its more slender 
and compressed shape, by tho absence of a distinct sinus in the ventral valve, and 
by its short folds, which are restricted to the vicinity of the front -margin. 

The single specimen among my Himalayan materials which can be attributed 
to Notothyrit exilit, agrees very closely with Gemmellaro's type-specimens, with 
the single exception that its shape is a little less distinctly pyriform. In this charac- 
ter of its outline it agrees perfectly with the majority of the Alpine examples, 
which have been illustrated by Schellwien, exceeding them, however, considerably 
in its dimensions. Gemmellaro's largest type-specimen is also slightly inferior in 
size. The folds are strongly marked, though very short, especially so in the dorsal 
valve. 

The measurements of this specimen are as follows 



Entire length of the ibell IS mm. 

Lmirtfa <t the dow*l v»ke 115 „ 

Entire breadth of the .bell 8-5 „ 

Thioknew of both valves 7 „ 

As has been stated by Schellwien, Notothyrit exilit is more easily distin- 
guished from its allies than all the other congeneric forms. There can consequently 
be but little doubt as to its being represented among the permian fauna of the lime- 
stone crag of Chitichun No. I. 



Notoxhtbis WalkehI, nov. sp., PI. II, fig. 13. 

I regret to say that the materials of this new species at my disposal are very 
scanty, only a single although perfectly preserved specimen being contained in 
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Walker's collections. I have discovered a very nearly allied form among A. v. 
Krafft's collections from an exotic block near Mails Jobar in the fialchdhura region, 
the fauna of which will he described in the following chapter. By an examina- 
tion of the present specimen, however, the characters of the new species have 
been fixed with sufficient clearness to justify its description under a separate 
designation. 

This species is very easily distinguished from all other congeneric forms 
by its peculiar shape. The general outline of the shell is difficult to define. It is 
elongately oval as seen in the dorsal aspect, but almost semi-circular as seen in the 
lateral view. The two valves are of very unequal size. The dorsal valve is flat 
and not inflated, the ventral ono very strongly vaulted in the longitudinal and 
still more so in the transverse direction. Its transverse section is considerably 
higher than broad, and helmet-shaped. A short distance in front of the apical 
region a three-edged termination of the mesial portion of the valve is distinctly 
marked. A sharp crest in which the lateral parts unite at an angle of 60 degrees, 
corresponds to the median line. A low secondary ridge or fold runs parallel 
to tho median crest on each side. To these three folds only very small marginal 
indentations correspond in the front, which exhibits a pentagonal outline. 

The beak is thick and large, strongly incurved and firmly appresscd to the 
apex of the dorsal valve, so as to conceal entirely the triangular fissure of the 
ventral valve. It is truncated by a large, oval foramen. 

The dorsal valve is nearly flat and entirely smooth. 

Both valves are ornamented with numerous but delicate imbricating stri© of 
growth, which cover all parts of the shell, from the point at which the median 

The measurements of my type-specimen are as follows : — 

Entire leogth of the shell ... . . . .16-5 mm. 

Length of the doml valve 14 ,, 

Entire breadth of tbe eliell 10 

Thick ikwi of both valve* 12 

The general shape of this specimen is so singular and widely different from 
other congenerio species, that a special enumeration of its features of distinc- 
tion appears barely necessary. The internal characters of the specimen being 
unknown to me, it is only on the analogy of its external shape that I place it in 
Waagen's genus Notothyria. The question whether it ought better be attri- 
buted to Notothyria or to Jlemipiychina will bo discussed in the description of a 
second species, very closely allied to the present one from A. v. Krafft's collections. 

Hehipttchina stjbuevis, Waagcn, PI. II, fig. 3. 

188JL Htmiptjtkitm i«W<rri«, Waagra. Salt Rang* IW, Palaoot. India*, Mr. XIII, v*L I, Product** 
LimMtone Fo**., p. 344. Fl. XXVII, fig*. 1—3- 

Walker's specimens from Chitichun No. I are provided with the same ovoid 
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outlines, the strongly inflated valves and the vaulted, barely indented front-line, by 
which the specimens from the 8alt Range Product™ limestone are distinguished 
from their allies. 

My specimens are rather variable in shape and proportions. Among forms 
of an elongately oval shape one specimen is met with in which the length and 
breadth of the shell are almost equal In all my specimens the vaulted frontal 
line exhibits no trace of marginal indentations. 

I have not been ablo to discover the presence of dental plates in the ventral valve 
and consequently believe my identification of the specimens in question with Eemi- 
ptychina justified. 

The measurements of tho figured specimen are as follows :— 

Satire length of the shell 1T'5 mm. 

Length of the done! valve 16 „ 

Entiw breadth of the shell 13 „ 

Thiekoen of both valves 10 „ 

Number qf gpecimens examined.— 4. 

Remarks. — Hem ip ty china tublmvit is quoted by Waagen from the lower Produe- 
tus limestone. He admits, however, the recurrence of " specimens very similar to 
the present species " in higher beds of the Produotus limestone series of the Salt 
Hange. This fact is rather unfavourable to his theory, that all the species of 
Hemiptychina in the Produotus limestone form a developmental series, which is 
characterized by the successive apparition of folds on the shell. * In this opinion I am 
afraid Prof. Waagen has been mistaken. The presence of forms with a perfectly smooth 
front- margin together with strongly plicated ones, such as Hemiptychina tnflata, 
Waagen, in the Chitichun limestone is a very strong argument to the contrary. 



Die las xa blonoatdm, Schlotheim, PL I, fig. 9 ; PI. LI, fig. 4. 

1816. IknbrahUUu tltmgJtiu, T*rtbttt<diln tsrmp!a**tiit ci Terrbratftitct lit**, Sclilothtiai. Dvskunhr. 

Kgl. btjri*ch. Akad. d. Wnwmch. aao&abni. toL VI, p. 27, PL VII, fig*. 7, 8, 18—14. 
1850. Epitkgrit (fonjafa. King. A mouognpb of tbe pcrmito foMib of England. TWnaot, Ptlw.oto- 

graph. 8oc^ tol III, p. 147, PI. VI, &v 30—46. 
18S8. TtnbrttuU W«jr<tf«. D»»i dm. Britiab Fo-il Bnefaiopod*, »oL II. p. 9, PI. I, figi. 5, 7. 13-14, 

1861. TmbrtmU *«*9*t*, G«niU Die Dy.a, p. 88, T»f. XV. fig.. 14-18. 

1870. Ttnbratula dmgutA, Qaanitadt. Petrefartonliuttde DentaeMind*, Brarhio^oj^n, p. 435, Tuf. U 
fi«..104-U«. 

1888. DMmm tUiwium. W*m«. Salt Range Foatila. Palaout India, tar. XIII, rol. 1, Products* 

Liaeatoae Fowl*, p. 343, PI. XXV, fig. 10. 
1894. DUbuma tlomjata, NeUelujew. Die Puma der parawtlieu A bU^rnogen do ontlkbaa ThaUa* dm 

•aropoiecban Kraludi. Trudy of the Impar. UoiwreHy of Keae, vol. XXVII, No. 4, p 185. 

P1.V. fig. 15. 

The preceding list of synonyms might easily have been enlarged considerably, 
but tho quotations given with reference to the present species are sufficient to prove 
that it is the common European Dielatma elongatum from the Zechstein, with which 
my specimens, I believe, must be identified. 

The shells referable to Z>. elongatum are rather variable in size and shape. Two 

o 
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varieties can bo distinguished among them. Types of each variety have been chosen 
for illustrations. 

The first type, which is represented by the example illustrated on Plate II, 
fig. 4, is of small size and agrees in all its characters with the variety from the dolo- 
mites of the middle Zee list ein of Pcessneck in Saxony. I am at a loss to detect 
any difference between my Himalayan specimen and those which have been figured 
by Geinitz (especially PI. XV, fig. 14). Nor could I perceive the smallest 
distinguishing features after comparison with many specimens of that shell from 
PcBssneck, which belong to the collections of the Pnlnxmtological Museum of the 
Vienna University. My figured Himalayan example rescmblos this variety from 
Pcessneck most closely, both in its average size, its flat shape, whioh thins 
out quite gradually towards the front, and in its distinctly attenuated apical 
region. 'In its external characters it also very closely resembles Bemiptychina 
ptendoelongata, Schellwien (Abhandl. K. K. Geol. Reichs-Anst, XVI, Bd., p. 107. 
Taf. XV, figs. 27—29), especially the specimen illustrated on Plate XV, fig. 28, 
from which, however, it differs by tho presence of very markedly developed dental 
plates. . 

The second type is represented by the specimen illustrated on Plato I, fig. 0. It 
same what resembles the example from the middle Zechstein of Pcessneck, whioh has 
been illustrated by Geinitz on Plate XV, fig. 25, or still more closely tho British 
specimens of tho narrow variety figured by King on Plate VI, figs. 31, 35 and 30 
of his monograph. • * 

Whereas the typical or normal forms of D. elongal um are widest near the 
middle, in this variety the greatest breadth is situated in the anterior portion of the 
shell. ' The shell is very flat in front and provided with a sharp anterior margin. 
The apical region is attenuated, the ventral valve evenly curved in the transverse 
direction and without any trace of a mesial sinus. In the last-mentioned character 
my typo differs from* the British types of D. elongatum, in which a gradually 
depressed or shallow sinus is alwayB present, although it becomes hardly percep- 
tible in certain middle-aged and young sholls. It agrees, however, in this respect 
with the above-quoted example from Pcessneck and with Waagen's specimens 
from the Productus limestone, in which *' a median depression extending from near 
the beak to the frontal region and corresponding to the bend in the frontal line, is 
totally absent " 

The measurements of these two type-specimens arc as follows :— 

PI. I, fig. 9. PI. II, fijr. 4. 
25 5 mm. 14 5 mm. 

• 23 „ H „ 



Entire length of the shell 
Length of tb<> dorsal valve 
Entire breadth of tlw ih«ll 
, of Mh valve* 



185 ., 11 „ 

• U „ 6-5 „ 

Remarks.— Although Dielatnia elongatum is one of the chief loading fossils of 
tho permian Zechstein in Western Europe, it is certainly not restricted to beds of 
permian age only. It only needs a glanec at the leng list of Russian localities, from 
which it has been quoted by Netschajew, to convince one of the large vertical 
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distribution of this species. My friend Prof. Tschernyschew informs me that 
D. elongotun is certainly represented among his materials from the UrsJian 
Schwagerina limestone of upper carboniferous age. 

My opinion is that both Waagen and L. de Eoninek have greatly overrated the 
stratigraphical value of a very narrow interpretation of species among the sub -genera 
of TtrebraMida, such as Hemipty china, Dielatmina and Dielasma, and that after 
all Davidson was entirely justified in admitting a recurrence of the majority of 
forms of Dielaama in the carboniferous and permian systems. 

Diblasua sp. ind. aff. hasTjBFOrmb, dc Koniock, PI. II, fig. 1. 

Among the large number of speoies of Dielatma which have been proposed 
by L. dc Koninck some are distinguishable with so great difficulty and only by 
differences of such very small importance, that I have not been able to arrive at a 
decided opinion as to the affinities of my Himalayan shells. Not wishing to burden 
nomenclature with a now name, and mindful of the very small stratigraphical 
value of Dielaama, I have considered it best to refer my examples provisionally to 
tho carboniferous species, which in its general characters it most nearly resembles. 

My shells are of an elongatcly oval, obscurely pentagonal outline, and of large 
size. The greatest breadth is situated a littlo in front of the middle of the length. 
Both valves are regularly curved, but the dorsal one is somewhat less strongly 
vaulted. The beak is moderately produced, but slightly incurved, and truncated 
by an oval foramen, which slopes obliquely forwards. It is oppressed to tho apex 
of the dorsal valve, so as to conceal the dcltidium entirely. The lateral portions 
of the beak are comparatively small and bordered hy indistinct ridges. No trace of 
a mesial sinus is noticed in the ventral valves of any of my specimens. The 
frontal region is less distinctly truncated than in L. de Koninck's type-speci- 
mens of Dielaama haataforme, de Kon. (Faune du calcairo carbonifere do la 
Belgique, Annates du Musee d'histoire naturclle de Bclgiquo, Bruxelles, 1887, 
T. XIV, pt VI, p. 19, PL I, figs. 36, 37, PL II, figs. 10—25), from the mountain 
limestone of Bolgium. L. de Koninck describes the frontal margin of the latter 
as forming a horizontal line for some distance. This is not the case in my 
Himalayan shells, but the front U very slightly curved anteriorly, recalling in 
this respect the example of Dielatma hattatum var. fiotu, M'Coy, which has 
been illustrated by Davidson on 1'L I, fig. 13, of his monograph on the British 
carboniferous Brachiopoda. From this type my specimens, however, differ by 
their moro distinctly oval outline and by their smaller apices. 

The measurements of the figured specimen are as follows : — 

Entire length of t bo ehell . . , .89 mm. 

Length of tho doral valve 866 „ 

Entite breadth of the ih«l) . 27 „ 

ThickneM of both ralree 18 „ 

Number of ■ specimens examined.- -3. 
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Bemarks.—'M.j Himalayan species recalls Dielama kastaforme, de Eon., from 
the mountain limestone of Belgium, without, however, being absolutely identical 
with it. If I were inclined to follow L. dc Koninok's interpretation of species in 
Dielama, I should probably be obliged to introduce a new name for my Chitichun 
species, as it is distinguished from all other congeneric forms by a few subordi- 
nate details, to which, in my opinion, a varietal importance only ought to be 
accorded. 

DriLASMA plica, Kutorga, PL II, fig. 2. 

184$. Ten/*ot*laplita, KuliwgE. Vcrh»odIo» S ro K»U. ru». MinraL 0.*, p. 26. TM. V. 6g. 11. 

ISflS. Ttrtbrrtula pliea, V. m. Mailer. GwloislcJ ind PaJ<Kn,to1o*l<al notee, etc. Oeruj J»t«n»l IV. 

p. 63, PL 1, lig». 8—6. 
18W. Ditlatma plica, Frreli. Lrtbitn ptlacuiice,, II, Bd.. Ttl. i'c. S|j. 6. 

1900. Ditluma $p. ind. (?), Sehtllwioa. Di^Fantiit Art TiogkotfetkiiJk* in den KwnifcW Allien und <\m 
Kni.utu.km. Akh.ndt. K. K. 0«ol. Rtirha-Aort , XVI, p. 108. TW. SV. fig,. 16. 18. 

This species, belongs to a group of forms characterized by a strongly vaulted 
ventral valve and by a very flatly arched dorsal valve. Terebratula bocidem, 
Morton, from the coal-measures of North America is the prototype of this group, 
which in Eurasia is represented by T. jylica, Kutorga. Both description and 
illustration of the type-specimen of the Russian form of Kutorga are so unsatis- 
factory, that I should certainly not have been able to identify my Himalayan shells, 
had not the beautiful plates accompanying Prof. Tschernyschew's monograph of 
the upper carboniferous Brachiopoda of the Ural rendered Kutorga's memoir almost 
superfluous. From all the Salt Range species which belong to the group of 
Dielama bovidetu, my Himalayan specimen is distinguished by the presence of a 
sharply impressed ventral sinus. 

The general shape of my type-specimen is pyriform and strongly elongated. 
The greatest breadth is situated in the middle of the length of the shell. The 
ventral valve is strongly vaulted, especially so in the vicinity of the beak and 
of the front line. In the transvorso direction it is more flatly arched A deep 
impression extends all along the median line of this valve from the apical region 
to the front, where it corresponds to a small emargination. 

Tho beak is short and thick, distinctly bent over and pierced behind 
its apex by a large foramen, corresponding in its position exactly -to the 
foramen in Dielama bovidem, Mort., and D. tmncatum, "VVaag. From both 
sides of the foramen indistinct ridges extend down along the lateral parts of 
the beak for some distance, marking off a broad and tolerably well-defined false 
area. 

The dorsal valve is very flatly arched in the longitudinal but strongly vaulted 
in the transverse direction. In the latter direction the profile of this valve is 
nearly semi-circular. Thus the line in which the two valves me?t is rather strongly 
marked laterally. From near the apex a distinct, perfectly straight ridge or edge 
extends to the front and there corresponds to the sharp impression in the middle 
of tho ventral valve. The presence of this ridge is not due to an accidental 



Digitized by Google 



CHITICHUN No. I. 45 

malformation of the specimen during the process of fossilisation, as might be 
supposed, but is a well-marked character of Dielatma plica, as may be seen from 
an examination of the Russian specimens which have been illustrated by Tschernya- 
ohew on Plate IV of his above-quoted monograph. 

The substance of the shell, which has boen partly -preserved, exhibits under 
the lens a very closely arranged and delicate granulation. 

Of the internal characters of the shell only two strongly developed dental 
plates of the ventral valve can be seen through the translucent matrix of the 
fossil. 

The measurements of my specimen are as follows :— 

Entire length of the shell .... ... 28 mm. 

Length of the doritl valve 26 „ 

Entire breadth of the »bell . • 17 „ 

. of both valve. 13-5 „ 



RetiMrk*. — Dielatma »p. ind. from the pcrino-earbonifcrous rocks of Carniola 
is most probably identical with the present species, as has been suggested by 
8chellwien, whose opinion was based on the insufficient figures and descriptions of 
Dielatma plica given by Kutorga and Val. von ilajller. The illustrations of 
the Alpine examples agree very olosely with those of D. plica given by Prof. 
Tschernyschew. 

Eichthopekia (?), ap. ind., PL II, fig. 17. 

The presence of the interesting genus Michthofenia, Kayser, in the permiau 
limestone of Chitichun 2s' o. I can not as yet be asserted with full certainty. But 
among the materials collected by "Walker a fragment lias boon discovered which 
probably belongs to the larger valve of a Richtho/enia. In consideration of 
the interest whieh is attached to the presence of this genus in strata of anthra- 
colithio age, I think myself justified in describing and illustrating the fragment, 
which, according to my opinion, might be referred to the large valve of a Bicht- 
hojenia. 

The external shape of ray fragmont is irregularly conical, the apical portion 
having been broken off completely. Its transverse section is transversely ovaL The 
fragment is filled up entirely by a compact matrix, in which no trace of the original 
structure of the shell has been preserved. The surface of the fragment, however, 
partly exhibits the .ornamentation found in typical representatives of the genus 
Richtho/enia. It is rugose and covered with numerous irregular, concentric 
wrinkles, whioh bear a few prominent spines, resembling most nearly the spine- 
bearing tubercles in Producttu, 

I have not been able to notice a punctate shell-structure. 

My fragment, though not sufficiently well preserved to allow of an exact 
determination, so strongly recalls Richthofenia in some of its external characters, 
that I cannot avoid referring it to that genus. 
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ECHINODERMATA. 
Poteeiocbints (?), sp. ind. PL IT, fig. 20. 

The reference of certain fragments of stems in Walker's collections to the genus 
Poteriocrtiwa is purely provisional. All that I can say in favour of my determi- 
nation is that the stems closely resemble forms which have been attributed to 
that genus by Waagen. 

Tho stems are small, of moderate thickness, provided with a narrow canal of 
circular outlino, and ornamented with numerous delicate, radiating furrows. They 
resemble most closely tho fragments of stems which have been quoted from the 
permian Otoccras beds of Djulfa by G. v. Arthaber. 

ANTUOZOA. 

Amplest* coralloides, Sow., var. Abichi, Waagen et Wentzel, PL II, 

figs. 24-28. 

1978. AmpUttu eoralloiAet, Abieti. Eiu BcrKknlkUoti* in d«r Araiewne* b«i Djatfa In Arnwnitn, p. 84* 

PI. XI, «B- 10. P- 85. PI- X, fig- 12- PI- XI - fi 8- 16 irar - 9»niemlata). 
1879. Ampleiut tp. imt., V»L T. Mceller. Nouan Jahrb. L Min., »t«., p. 187. 

188". AmpUnu Abie hi. Waagm «t Wenriel Stli Ruifo Fo«. Pilaout. lot)., ser. XIII. Tol. I, Produetu 
Linustune Pew-, p. VUS. 

J 897, Ampltxt* tp- i«<*. Abieki, Diwr. Tl.e pvrmwmrb. fount of Chlticlmu No. I. Pfcliroou 

Indlom Mr. XV. Him»l«y»n F«„ »oL I. pt. 3. P . 83, PI. XIII. fig. 7. 
1000. Ampltrut Abieki. 0. ». Arthur. U.lwr d« PalcowicBm too Hoelwrmraion and P.nito. 

Peltragw iw P.l»otit. «md Gsologie OeiterT -Ungual, fte., XII, p. 288. 
1901. A»pl»n* tf. Abieki, Endwl*. Uebereln* »nthr.ooliUiiteb» P»un» Ton Balli Uudra in Dtuiuln. 

Ibiitm, XIII. p. 66. TU. VIII, 6g. 6. 

In my memoir on the fauna of Chitiohun No. I a few imperfect specimens of 
Amplexm have been compared to this species, their unsatisfactory state of preserva- 
tion forbidding a specific determination. Among the materials collected by Walker 
there is a small number of better preserved ooralla which I do not hesitate to 
identify with Amplexut Abichi. 

The specific claims of Amplexut Abichi are very uncertain, notwithstanding 
the lengthened description given by Prof. Waagen. Val. von Moeller has strongly 
ursfed the advisability of maintaining Abich's Armenian species as a distinct form 
differing remarkably, according to his opinion, from A. coralloide*, Sow. Dr. G. 
von Arthaber kindly furnished mo with all the materials of A. Abichi from his own 
collections from the permian rocks of Djulfa. Daring had tho opportunity of study* 
ing the Armenian type of species, I must confess my inability to see any of those 
distinctive features which V. von Mceller so emphatically announces. Waagen did 
not fail to observe the very close resemblance of Abich's and Sowerby's species, and • 
rightly considers their separation rathor difficult. " The chief differences," he states, 
" consist in the sepia being slightly longer and somewhat less numerous than in 
equal-sized specimens of A. coralloidet ; so tliat the present species can well be 
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considered as different, but must at the same time probably be taken as a direct 
descendant from tbe low.er carboniferous species." 

With regard to this statement I would observe that tho length of the septa in 
one of my Himalayan specimens entirely agrees with that of typical specimens of 
Amplexut coralloidea. Nor is the number of the septa a constant character of 
difference. In Arthaber's specimens of the Armenian type of A. Abichi 26 to 28 
septa correspond to a diameter of 18 mm , This number differs somewhat from that 
observed in my Himalayan examples, the septa numbering 2* to a diameter' of 14 
and 30 to a diameter of 16 mm. In this respect they are more similar to the type of 
A. Abichi described by Enderle from the anthracolithio rocks of Balia Maaden in 
Asia Minor. His specimens, which, having regard to the character of their epitheca, 
are undoubted examples of A y Abichi, are characterized by a larger number of septa, 
30 septa corresponding to a diameter of 11 mm. and 34 to a diameter Of 21 mm. . . 

Bothpletz (Die Perm-Trias-und Juraformation auf Timor und Rotti, Palteonto- 
graphiea, 39 Bd., p. 70), who did not think the length and number of septa sufficir 
ently defined for a specific distinction of A. Abichi and A. coralloidea, distinguished 
tho two species by the character of the epitheca, which, according to his opinion, in A. 
coraUoidet never has the remarkable longitudinal striation observed in A. Abichi. 
Enderle agrees with Bothpletz in overrating the importance of this character, which 
is not constant, as has been ascertained by the examination of my Himalayan speci- 
mens. Among them examples are not rare in which the longitudinal striation is as 
strongly marked as in the specimens figured by Abich and Enderle, but every pas- 
sage or intermediate link wiU he found connecting them with tho common shape of 
A. coralloidet, exhibiting an epitheca which is covered by numerous wrinkles of 
growth only, but devoid of almost any longitudinal strisB. 

In my opinion Amplexut Abichi and A. coralloidet resemble one another so 
closely even in characters of minor importance, that, until better evidence to the 
contrary arises, I prefer to consider tho Himalayan and Armenian types as varieties 
of the widespread carboniferous species only, leaving it to future observers to decide 
whether or not this is to be takon as a correct interpretation. 

The largest specimens of A. Abichi, described by A.bich, 6. v. Arthaber and 
Enderle, had a maximum length of 75 to SO mm. My Himalayan specimens 
probably attained an equal size, but I cannot give exact measurements, the largest 
individuals not having been preserved entire. Of the calk of the polyparium 
especially nothing is known to me. 

A character in which the longitudinal section of one of my Himalayan speci- 
mens approaches Amplextu JPiicheriann$, Stuokenbcrg (Korallen und Bryozoen der 
8teinkohlenablagerungcn des Ural und des Timan, Mem. Comite geol. de la liussio, 
8t P&ersbourg, vol. X, No. 3, p. 189, PI. II, fig. 8), is the remarkable irregular- 
ity in the distance and shape of the tabula, some of which are not horizontal but 
slightly concave: This character, however, is much more strongly developed in the 
Russian species, which differs altogether from A. Abichi by the presence of very 
deep, circular constrictions in tho polyparium. 
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Zaphbentis Betbicei, Rothpletz, PI. II, fig. 21. 

im. Z«pkrtnti4*p.i»d.(n.Br T t\c\i. U.W rin. Kohlenk.lkf««ni ran Timor. AbbMdl. Kgl. Ak»d. i. 

WiMwiieh, Btrlln, 1944. p . 85, W- II, Sr. *. 
1892. ZafknmtU Btyrieki, Bathpleti. Die PennTriuW Jaraforautioa »uf Timor Bod Botti. Pala- 

OBtognpluM. M Bd., p. 88, TWI. XII, 6gi. 14. 81, 28, 88— 89. 

There are two specimens of the genus Zaphreutit in Walker's Himalayan 
collections from Chitiohun No. L They can be identified with great probability 
with ZaphrentU Beyriehi from tho permian rocks of Timor. 

The oorallum is simple, elongately conical and slightly curved, with a toler- 
ably thick epitheca on its outer surface. It shows a distinct longitudinal striation 
and numerous wrinkles of growth, which are, however, considerably lower than in 
Amplexu* Abichi, Waag. et WentzeL Rothplett does not mention the presence 
of wrinkles encircling the oorallum, although they are clearly represented in the 
figure given on PI. XIII, fig. 21, of his memoir. 

The fan-shaped arrangement of the longitudinal striae, as described by the same 
author, cannot be clearly observed, as the surface of my type-specimen has been 
partly injured by weathering. The majority of longitudinal stria seem to corre- 
spond to the inter-septal portions of the cell, but I do not think that this rule is 
without exception. 

The figure representing my type-specimen does not give a clear idea of its 
external characters, as I have, unfortunately, been obliged to sacrifice the larger 
portion of the oorallum in order to obtain sections of its internal structure. 

No trace of the calix having been preserved in any of my specimens, their 
identification hass been chiefly based on the similarity of the internal structure, as 
exhibited in transverse sections, with the hgureB given by Rothpletz. 

In a cross-sect ion of my type-specimen I find 13 septa, reaching almost to the 
centre and 15 septa, which are but slightly inferior in length to the former. In 
the space between two septa a very short septum is inserted. Thus 5 it to 58 
septa are counted altogether. The cardinal septum is very short, while tho counter- 
septum reaches the centre. The two alar septa are laterally disposed, including a 
very obtuse angle of nearly 180 degrees. 

Neither a central columella nor a vesicular tissue have been observed. 

Rothpletz believes Beyrich's type-specimen of Zapkrenti$ tp. ind. (L c, 
PL II, figs. 4 and 6), to be absolutely identical with the present species. Martin 
(Sammlungen des Geologischen Rcichs-Museums in Leyden I. Beitrage zur 
Geologic Ostasiens und Australians, p. 36), on the contrary, identifies it with 
a new species of Amplexus, for which the hew namo A. Beyriehi is intro- 
duced. 

Zaphrentit Beyrichi has been quoted from the permian rocks of Timor by 
Rothpletz, and from the permo-carboniferous limestone of Toung>tchang-fu in 
Yunnan by L. v. L6czy (Wi&sensohaftliche Ergebnisse der Reise des Grafen BeTa 
Szecheuyi in Ostasien, vol. Ill, pt, i, p. 129). 
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CLI8IOPHTLLPM (?), sp. bid-, PL II, fig. 22. 

It is with considerable hesitation that I refer a single fragment £o this genus. 
The identification is based on the character of the microscopic transverse section 
only. 

The oiroular section, corresponding to a diameter of 15 mm., exhibits a thin 
epitheoa and numerous (28 to 30) primary septa, which alternate regularly 
with short secondary septa. The cardinal septum is situated in a fossula, which is 
shorter than the majority of the primary septa. The septa do not reach the 
central columella . 

It is not possible to distinguish in the transverse section whether the columella 
is provided with longitudinal furrows or not. 

The presence of a vesicular tissue is limited to the peripheral sone of the poly* 
parium. 

DauxoPHYLLira (P), sp. ind., PI. II, fig. 23. 

The fragment of a single corallum is provisionally and with much hesitation 
referred to the genus Dibunophyllum, Nicholson, on account of the remarkable 
characters of its transverse section. 

The transverse section is of circular shape and exhibits a moderately thick 
epitheca. Twonty-six primary septa correspond to a diameter of 15 mm. With the 
exception of the cardinal septum, which is situated in a distinct fossula, all of them 
reach the central area. They alternate with short, secondary septa of irregular 
length. 

A vesicular tissue is distinctly developed, but the dissepiments are not very 
abundant in the intereoptal loculi. The central area is of an obscurely hexagonal 
shape, with a longer diameter of 4 mm. and a shorter of 2 mm Although the 
structure of this central area cannot bo made out clearly from my insufficient 
materials, I have been able to distinguish a principal central lamella, corresponding 
exactly to the median axis of the polyparium, as marked by the position of the 
cardinal and counter septa 

The corallum itself is of very small size, with cylindro-conioal outlines. The 
epitheca is covered with sharp, longitudinal furrows and annular wrinkles of an 
irregular cbaractor. There is a distinct constriction marked in the upper portion of 
my specimen, which probably may have been produced by calicinal gemmation, as 
has been described in Bibunophyllwn vermicvlare by Stuckenberg (Mem. Comit. 
geol. St Petersbourg, voL X, No. 3, p. 216). 

The scarcity of specimens precluding the free use of the grindstone, I have 
not succeeded in arriving at a satisfactory determination either of this or of the 
preceding species, although there is some probability of the correctness of their generic 
identification. 
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Plkeophyixum (?), sp. ind. 



IMS. Pntapkyllum, luit Keninok, Nooroll*. rochenhca m l» uinnii fowilw da Umin ewbonifert 4», 

I* Beliclqne, Vim. Acad. Ko>»l» d« B*lgiqn«. p. 68. 
1890. PltraphUum, HtaU, Not*, on tk. p JaouUlojy of Wwt.rn Avttnlii, Geo!. Mig»u M , Dootd* III. 

toI. VII, p. 196. 

I am. unfortunately, unable to give an adequate figure of the Himalayan re- 
presentatives of this remarkable genus. The most important feature, namely, the 
presence of five prominently developed sopta, is only visible in specimens in 
which the central area of the corallum is not reached by the septa. But the 
only specimen in which this character had boon noticed, was unfortunately sacri- 
ficed in a fruitless attempt to get better polished sections. I must therefore 
abstain from giving any detailed descriptions, but confine myself to the statement 
that among Walker's materials of Anlhozoa the genus Flerophyllum is probably 
represented. 

I prefer to accept the generic designation introduced by G. Hinde for a group of 
Tetracoralla, which belong to L. de Koninck's gonus Pentaphyllum, a term 
pre-occupied for a genus of ooleoptcra in 1821. Typical spocies of Flerophyllum have 
been described from the mountain limestone of Belgium and Western Australia, and 
from the permian Otocera* beds of Bjulfa in Armenia by Freeh (Beitrfige Bur 
Palseontologic und Geologie Ocsterr.-Ungarns, etc., Hd. XII, p. 286). 



The fragmentary specimens, which I have placed in this genus, were of small 
size and conical shape, and provided externally with longitudinal furrows. 



The examination of Dr. Walker's collections has resulted in some very important 
additions to our knowledge of the interesting fauna of the permian limestone crag 
of Chitichun No. I. To 4£ species, which were known to mo in 1897, 28 more 
have been added, some of which are of the highest stratigraphical importance and 
admit of a much more exact correlation of the Chitichun fau na than did the 
pakcontological data available in 1897. 

According to the present state of our knowledge the fauna of the limestone crag 
of Chitichun No. I is composed of tho following species 



FATJNISTIC RESULTS. 



Crmlacea. 

1. TMliptia 3Iiddle«Uti, Dieoer. 
i. Chtiropyge kimalayeatii, UU-ner. 



Cephalopoda. 



3. AW«'/»* {Dettatoctrat) inaicm, Diencr. 

4. Xmaipit earionaria, Wiajj. 

6. ropaHoccra, ISatieoctral) Trimvrli, Dieow. 

6 Cyetoiobu$ Waiktri, Diemer. 
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Gatteropoda. 

7. Katicoftit, ep. ind. 



8. Jvic*lopettt% «/. jabiertti, Waag. 

Brachiopoda. 

9. Praduefm eort, d'Orb 

10. „ ituirelicnlatut. Mart. 

1!. „ cbilieiu Henri; Diener, 

12.. „ ef. tnbeoilatite, Waag. 

13. „ gratiomt, Waag. 

14. „ eaacriatfomU, 

15. u Abieki, Wa»£». 

16. „ mongoliem, Dieuer. 

17. Jfarginifera lypiea, Waag. 
II*. JuloM'eget libetient, Diener, 
19. LfUonta nohilii, Waag. 

80. Sfiiriferiiu ortoplieata vu.failigata, Sohellw. 
21. ,, Margarita, Gemmell. 

£2. Spirjfer fatcigtr, Key a. {^musakktfltiui*, Da v.). 
SS. u If'ynnei, Waag. 
24- i, tibttanut, Diener, 

85. Harlinia tf .glabra. Mart. 

26. „ elegant, Diener {= Ditlefanoi, Gemm). 

27. „ nucula, Roth)Mz. 

28. „ tetaiploaa, Waag. 

29. „ acvtmargtualit, Dinner (= Stmiramit, Gemm.). 

30. „ eoniraefa, M<ek et Worth. 

81. Beticvlaria ef. liatata, Mart. 
32. „ pnlehenima, Gemm. 
83. „ ituequilateralit, Gemm. 

31. Spirigera (Jtkjrii) Hugitii, Le\. 
35. „ „ txpama, Fhill. 

86. „ „ tubexpauta, Waag. 

87. „ „ eapillata, Waa^. 

88. BpirigertUa grandit, Waag. 
39. „ Derbyi, Waag. 
4LK „ per tumid a, Diener. 

♦1. Jtt'tis (Hmtedia) ara*dieo*ta, Dbt. (strtnota, ELI.wald.). 

42. Uneinella ef. indiea, Waag. 

43 EmUlett* Tieker*fie*effi, Diener. 

44. „ Jf'aageni, Gemm. 

43. „ mbaqnitaltu, Gemm, 

49. Jertbratuloidea ef. depretta, Waag. 
47. Uacitulu* timorentii, Beyr. 

45. „ jabientit, Waag. 
4». Canuropkoria Pmrdoni, 1 ar. 

60. „ I'vrdoni var. gigantea, Dieoefc 

51. „ ef. $emifilicala, Geutiu. 

fit. „ globulin; Philt. 

h 2 
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58. Cataaropkoria off. erumena, Marl. 
(4. Hemiptyekina t*il*vi*, W u(r . 

65. Ueuiptytkina tpartiplieata, W«a£. 
50. ,, kimalayentii, D»v. 

57. „ infiata, Waag. 

68. Lielatma elanyattsm, Scbloib. 

59. „ plica, Knt. 
6P. „ biple*, Wwip 

61. „ gp. ind- aff. katUtformt, Kou. 

62. Nototkyrit triplicate, Dinn-r. 
OS „ mediterrtnea, Gemni. 

64. ,, esilit, Uemno. 

65. „ cf. Mtbrttieularii, Dav. , 

66. „ Walkeii, liieoer. 

67. Ricktkofenia, ap. ind. 

Bryozoa. 

6k. FtuttltlU, ap. ind. 

Crinoidea. 

69. Poterioeriitut, ap. ind. 

Spongia. 
7U. JmilyiipAontlla aff. tencutoia, Kon. 

71. Amplixmt eoralloiJei var. Jtoii, Wusg. at Vents. 
74. Zaphrenti, Btyrieki, KoUiplata. 

73. Cluiopkyltum, ap. ind. 

74. Libunopkyllun, ap. ind. 

75. FUropkylluM, >p. ind. 

76. LvntdaUia iudiea, Wa»g. at Wenls 

Altogether 76 species, among which the Brachiopoda numbering 59 species 
by far predominate, both in species and in individuals. Although they compose 
nearly five-sixths of the entire fauna of tbe limestone crag of Chitichun No. I, they 
stand in stratigraphical importance far behind tbe small number of ammo- 
nites which hare been found associated with tbem. Those ammonites permit 
the geological horizon of the Chitichun limestone to be fixed with full certainty. 

In this respect the discovery of Xenatpit earbonaria. Waag., in the limestone 
crag of Chitichun No. I, by Walker is of chief interest. It has been stated by 
Noetling that Waagen was mistaken in quoting this ammonite from the so-called 
" Cephalopoda bed" of Jabi, but that the main layer of Xenatpit earbonaria is in 
the topmost beds of the middle Product™ limestone, corresponding to "Waagen's 
Kalabagh beds. 

In my memoir on tbe fauna of Chitichun No. I (part 3 of this volume) 
it has been demonstrated that the distribution of identical species indicates a 
Lomotaxis of the Chitichun limcrtone with the upper division of the middle 
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Productus limestone (Virgal and Ealabagh beds) in the Salt Range. Among 47 
species 24 were found to be ideutical with such forms as occur in the upper 
division of tbe middle Productus limestone. Of these 5 were found not to extend 
into higher strata, whereas the rest had been quoted by Waagcn both from the 
middle and upper Productus limestone. But there was not a single species of the 
upper Productus limestone identical with a Chitichun form which did not also 
occur in the middle Productus limestone. Tho affinity of the Chitiohun fauna 
consequently appeared to be more intimate with the middle than with the uppor 
Productus limestone. This evidenoe seemed to be corroborated by the occurrence 
of three species identical with forms from the Amb beds and Katta beds, which, 
according to Waagefc, do not extend in the Salt linnge into higher divisions of the 
Productus limestone series. 

This result of my examination of the fossil materials collected in 1892 has not been 
altered by my recent examination of Walker's collection. The number of species 
identical with forms from the upper division of the middle Productus limestone 
(Virgal and Kalabagh beds) has increased to 27, of which 23 occur also in the upper 
Productus limestone. But no species of the upper Productus limestone has been 
met with, which is not common both to the middle and upper divisions of the 
Productus limestone scries. To the three species identical with such forms from 
the Katta beds, which, according to Waagen, do not extend in the Salt Range into 
the middle Productus limestone, a fourth {Uncinella cf. indica) has been added. 

Thus, from the general character of the fauna, the homotaxis of the Chitichun 
limestone with the upper division, or— from the presence of Jtenaapit carbonaria— 
rather with the topmost beds of the middlo Productus limestone of the 8alt Range, 
seems to be clearly established. 

So far there is no reason for any change in my correlation of the Chitichun 
fauna with Indian fauna? of permian age, as proposed by myself in 1897. I am, 
however, bound to confess that the affinities of the Chitichun fauna to those of 
Europe have not been correctly interpreted, and that my examination of "Walker's 
materials is apt to lead in this respect to results remarkably different to those 
deduced in my first memoir. 

In that memoir (pt. 3 of the present volume) the conclusions at which 
I arrived with regard to the stmtigraphical position of the Chitichun fauna were 
summed up as follows :— 

" The Chitichun limestone is approximately bomotaxial with the upper division 
of the middlo Productus limestone (Virgal and Kalabagh beds) in the Salt Range. It 
probably corresponds in age to the pcrmo-carboniferous horizon (Artinskian Btage) in 
Russia, but the description of the Brachiopoda from the Fusulina limestone of 8icily 
must be awaited before it is possible to decide whether it does not hold a slightly 
higher position in tho stratigraphical sequence than the Artinskian deposits." 

This mistake of correlation is the legitimate outcome of an erroneous inter- 
pretation of the stratigraphical position of the Salt Range Productus limestone. 
The supposition "that the entire Productus limestone forms a series, which cannot 
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be separated from the carboniferous system and that the Fusulina-bearing Amb 
beds cortainly belong to the lattor," was not my fault. I followed the. majority 
of European palteontologists in this, and my error was due to the ignorance of the 
leading palaeontologists as to the right means of correlating rock-equivalents of 
anthracolithic age in Europe and in India. 

Waagen believed tho Produotus limestone to be penman, but to represent the 
entire permian system. He consequently correlated the lower Produotus limestone 
and the Katta beds of the middle Productus limestone with the Artinskian stage 
of Russia, considering them as permo-oarboniferous. The pahcontological investi- 
gations of Nikitio, Freeh and Tsehcrnyschow raised doubt as to tho validity of 
this correlation. The affinity of the fauna of the lower Productus limestone 
to those of the upper carboniferous rocks of Russia and the Ural Mountains and of 
the Camian Fusulina limestone of the Eastern Alps induced Rothpletz (Pakconto- 
graphica, vol. XXXIX, p. 63), Erech (Die Karniscben Alpen, p. 372), Oldham 
(Manual of the Geology of India, 2nd Edn., p. 125), and Suess (Denkschr. kais. Akad. 
d. Wissonsch. "Wicn, math. nat. CI., voL LXI, p. 439) to correlate the lower Produc- 
tus limestone with upper carboniferous rather than with permo-carbonifcrous beds. 
In the meantime Tschernysohow called attention to the strongly marked affinities of 
thefauiuB of the middle Productus limestone and the Artinskian stage. On palieon- 
tologioal grounds he tried to prove that the entire middle Productus limcstono ought 
to be synchronised with the Artinskian strata of Russia. 

In admitting this homotaxis I merely followed the almost unanimous judg- 
ment of European geologists. The equivalence of the Chitichun limestone to the 
Virgal and Ealabagh beds in fhe 8alt Range having been clearly demonstrated, 
the necessity of correlating it with the Artinskian stage of Russia was obvious. 

I have been convinced of the incorrectness of this correlation both by the 
recent reports of Dr. Noetling on the classification of the Productus limestone and 
of the Ceratite formation in the Salt Range, and by my own examination of the 
fossil materials collected by Walker. 

In 1806 Dr. F. Noetling, in a preliminary note on the glacial boulder beds of 
the Salt Range (Neues Jahrb. f. Mm., Bd. II, pp. 61 — 86), announced that there were 
no true carboniferous or permo-carbonifcrous strata represented in the Productus 
limestone series, which, according to his opinion, must be correlated with the upper 
division of the permian system, cis., the German Zcohstein only. This announcement 
naturally produced a sensation among palaeontologists, and led to now discussions 
of tho problem of correlation. The general equivalence between the Amb beds 
and the Carnian Fusulina limestone of upper carboniferous age on the ono side, and 
between the middle Productus limestone and the Artinskian strata of Russia on the 
other, had been assorted by Freeh and Tschernyschcw, and on their authority 
had been admitted by the majority of geologists. 

From this position Noetling both departed and advanced. In a second paper 
(Beitrage zur Geologic dcr Salt Range, iosbesondere dor permisoben und triodis- 
chon Ablagerungen, Neues Jahrb. f. Min. Beilagebd., XIV, 1901, pp. 309— 471) ho 
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reported the discovery cf Xe*a*pis carbottcria, Waag., in the topmost bed of tbe 
middle Productus limestone. Tbe importance of this discovery consists in the fact 
that the famous Cephalopoda of permian age, which had first been described by 
Waagen, aro not restricted to the upper Productus limestone, but that one of the 
most interesting species of triassic aspect, and with ceratitic sutures, has its main 
layer in the Kalabagh beds of the middle ProduotUB limestone. "With this discovery 
all the arguments in favour of a correlntion of the middle Productus limestone 
with the Artinskian stage fall to the ground. Ammonites with ceratitic sutures 
are entirely absent in the Artinskian stnge. Their presence points even more 
clearly to the younger horizons of the permian system, than doos the first appearance 
of more highly developed ammonites to the permo-carboniferous stago. 

As we have learned since Davidson's and L. dc Koninck's publications, many 
years of study have not enablod geologists to establish with certainty the correlation 
between the several faunse of the Productus limestone and of extra-Indian deposits. 
The imperfection of Waagen's work was mainly due to his ignoraneo of the exact 
stratigraphical sequence of the beds of the Productus limestone formation and to 
the fact that a number of Cophalopoda from his supposed Jabi beds were mainly 
forms of the middle Productus limestone. The misinterpretation of the relation of 
the fauna of the middle Productus limestone to tbe permian faunae of Europe has 
been corrected by Noetling. The limit between what is to be strictly referred to 
permian and older deposits in tho Salt Range may yet remain an open question ; but 
to the true position of tho middle Productus limestone in the standard stratigraphi- 
cal scale Noctling's discovery of the main layer of Xenaapit carbonaria gavo a 
decisive clue. 

Thus all the evidence proves that tbe upper division of the middle Productus 
limestone holds a rather high stratigraphical position in the permian system and 
must probably be placed on a higher level than the permian Fusulina limestone of 
Sosio in Sicily. The equivalents of the Ghitichun limestone, which is homotaxial 
with the upper division of the middle Productus limestone (Noctling's zone of 
Xetuxlxscut carbonariu*) must consequently bo looked for in the permian brackish 
and inland sea deposits of Russia, corresponding to the German Zechstein, not in 
the Artinskian stage of the Ural Mountains. 

The correlation of the middlo Productus limestone with the European Zechstein 
involved a number of disputed questions in all of which the ammonites recently 
discovered by Walker in the Chitichun limestone point to the right interpretation. 
The discovery of Xenaspu carbonaria and of a true representative of the genus 
Cyololobu* in the Chitichun fauna clearly proves this fauna to be younger than 
permo-carboniferous. 

In my momoir on the fauna of Chitichun No. I (pt. 3 of this volume), I have 
not failed to notice the grave objections to which the statistical method of correlation 
is open, especially where this correlation must rely almost entirely on Brachiopoda 
alone, " which very generally do not keep strictly to an exact geological horizon and 
therefore can bo used only in rare cases as reliabfo documentstfor an identification of a 
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narrowly limited geological stage or zone." At tho time when that memoir was 
written, no Cephalopoda had been discovers! in any of tho divisions of the 
• middle Productus limestone, and one single ammonite only, Staeheoeerat Trimurti, 
had been collected by myself in the Chitiohun limestone. This ammonite, however, 
though of high stratigraphical importance, was found to belong to a genus wheh is 
equally distributed in permo-carboniferous and in permian faunas. Moreover, no 
description of the rich brachiopod fauna of the Fusulina limestone of Sicily had as 
yet appeared by whioh the affinities of the Chitiohun fauna to that of Sosio might 
have been elucidated. 

In 1899 the first part of Gemmellaro's monograph on the permian Brachiopoda of 
Sicily was published. Tho description of some important groups— Productida, 
CorallioptidtB, Strophomenidee —must still be awaited before the affinities of the 
faunte of Sosio and of Chitiohun No. I can he clearly understood. Notwithstanding 
this defect, which is increased by Gemmellaro's exceedingly narrow interpretation of 
species, the relations of the Chitichun fauna to that of Sosio appear to be closer than 
to the Artinakian fauna. With the latter the Chitiohun fauna has twelve species 
of Brachiopoda in common, two of which (Spiri/er Wynnei, Waag., and Martinia 
semiplana, Waag.) are doubtful. The sub-orders of Helicopegmata, Ancittropegmata 
and Ancycopegmnta alone are represented in the faunse of Sosio and Chitichun by 
twelve or perhaps even fourteen species, which are common to both of them. These 
species are— 

Spiriftrina Margarita, Gtmm. 

Spiri/er Wgrnnei, Waag. (=fip. tieului, Gsmm ). 

Martinia elegant, Dien. (» M. Dutefanoi, Gemm.)> 

„ aeutomaryinali; Dien. (™ if. Semi rani t, Gemm.). 
Jtttitularia ef. Untata, Mart. 

„ puleherrima, Gemm. 

„ inaquilateralit, Gemm. 
EnUlete* Waaatui, Gemm. 

„ nlaqnivalvu, (iemm. 
Canaropkoria lemiplicafa, Gemm. 
JfototAyrit mediterranta, Gemm. 

„ txiiii, Gemm. 

To these species Spirtferina oetoplicota var. /attigata, Scheilw., and Uneinulu$ 
jabie»ti«, Waag., may be added as doubtful. 

The relations of the Chitichun fauna to that of the permo-carbonifcrous Trogko- 
felschichten of Carinthia and Carniola, which has been recently described by 
Schellwien, are less intimate. The following ten species can be quoted as 
identical :— 

Product** cora, IVOrb. 

„ taneriniformU, Tucheri. 

„ temireticvlattu. Mart. 
gratirmt, W.ag. 
Spiri/erina oetoplieata Tat. faitiyata, Scheilw. 
Bpirifer Wynnei, Waag. 
Reticularis lineal; Mart. 
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Hutttdia graudicotta, Dmv. (ssrtmot; Eidiw»ld). 
Camaropkotia glolmliua, Pbill. 
Sototiyrit etili*, Gemm. 

The occurrence of two more species of the Chitichun limestone, Aulosteget 
ttbeiieva, Diem, ard Dielatma plica, Kut„ is doubtful. Spiri/er tibetanut, Diem, is 
represented in the Trogkofelschicbtrn by the var. oocideatalis, Schellw. 

In comparing the fauneo of the Chitichun crag and of the Fusulina limestone 
of Sicily, we must not overlook the fact that these two sediments havo not been 
deposited under similar conditions. The Fusulina limestone of Sosio is composed of 
two divisions, the organic remains of which differ considerably. The ammonites 
arc chiefly restricted to the lower division, the "Calcare compatto." In the 
upper division, the "Calcaro groasokno," ammonites are exceedingly rare, 
but Brachiopoda abound, especially forms with thick shells, as they are peculiar 
to the vicinity of reefs. 

The fauna of the Chifichun ciag does not suggest the idea of a reef deposit. 
Brachiopoda with thick shells (Bicbthofenia) arc exceedingly rare. The most typical 
representatives of this gioup (G eyerella, Scacchinella, Megarhynchm), which abound 
in the " Calcare grossolano," are completely absent. So are the Ftuulinm, whereas 
singlo corals {Amplextts, Zaphrentit) are very common. Nor docs the Chitichun 
limestone contain any traces of coarse breccia or conglomerate, such as might be 
expected in the vicinity of a shore-line. 

A very peculiar feature in the Chitichun fauna is the extraordinary abundance 
of Spirigera (Athyris), which is absent both in the permian rocks of 8icily and in 
the Trogkofelschiohten of tho Eastern Alps. 

I do not, however, believe that tho Chitichun limestone should be placed on a 
level with the Fnsulina limestone of Sicily. So far as it is possible to judge from its 
Cephalopoda, the Chitichun fauna appears to be geologically younger. Ammonites 
with ceratitic sutures such as Xenaspis carbonaria, or with complicated sutures, such 
as Cyclolobvt Wallet i, speak clearly in favour of a homotaxis of the Chitichun 
limestone with true upper permian strata of Europe. 

In my memoir on the fauna of Chitichun No. I (p. 101), the probability of a 
correlation of tho Chitichun limestone with the permian rocks of the island of Timor 
has been discussed. Twelve species of Brachiopoda wore found to be identical in both 
faunae. The number of identical species of all classes of fossil remains is now increased 
to fourteen, To the Brachiopoda, which have been enumerated in my above-quoted 
memoir, two species of corals, Amplexut coralloidet var. AUchi, "Waag. et Wcntz., 
and Zaphrentis Seyrichi, Bothpl., must be added. It was only on account of the 
occurrence of a species of Cyclolobvt in the permian rocks of Timor, that I came to 
the conclusion that they ought to be placed on a slightly higher level than the 
Chitichun limestone. The discoveiy of Cyclolobut Waikeri among the material 
collected by "Walker in 1899 has rendered this view untenable. On the principle 
of establishing correlation of horizons by identity of the fossils, all the evidence 
at present goes to prove that the ptrmian limestones of Chitichun No. I and of Timor 
arc homotaxial. 
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The numbor of forms identical with the permian Otoceras beds of Djulfa in 
Armenia is still remarkably small. It amounts to the following four speoies only :— 

, Product*! Jbicki, 

Seticmlaria pntckerrima, Gemm. 
Umcimtlut jaiiemi*, W»ag. 

.i Mf.lt xmt coralloidn v*r. Abicki, Waag. et Went*. 

This fact is the more astonishing in that in both rook-gronps the genus 
Spirigera (Athyru) is most numerously represented. Not a single species of 
the interesting developmental series of Spirigera protea, Abich, and ita allies has, 
however, beon recorded from the Chitiohun limestone. 

At the time when my memoir on the fauna of Chitichun No. I was published 
-eight species of Brachiopoda had not been found outside the crag of Chitichun No. I, 
and were consequently considered as elements peculiar to its fauna. Since then this 
number has been considerably reduced. Now only four species out of sixty remain 
unrecorded from other countries and localities. These species are — 

Spirifferella pertmmids, Dien. 
Cnmaropkoria Purdoni ■nx.yioentca, Dien. 
Nololkgri* triplicate, Dien. 
„ Walkeri, Dien. 

The occurrence of Auloateges tibetieua, Dien., in the permo-carboniferous Trog- 
lcofelBohichten of the Eastern Alps and of Enteletes Tschemytcheffi, Dien., in the 
permian Sosio limestone of Sicily is as yet somewhat doubtful. 

The evidence afforded by the two species of ammonites which were col- 
lected by "Walker, together with Noctling's discovery of the true horizon of Xenaspit 
carbonarta in the Productus limestone of the Salt Range, is sufficiently strong to 
affect my view as to the correlation of the Chitichun limestone with permian beds 
of other countries, and obliges me to consider the latter as about homotaxial with the 
permian rocks of Timor and as slightly younger than the Sosio limestone of Sicily. 
I am therefore compelled to admit the correctness of Noctling's statement that 
there is at present no proof of the existence of a fauna of Artinskian age in the 
Himalayas. 

There is, however, ono case in which I cannot agree with Noctling's view. 
From a preliminary inspection of Walker's material*, Noetling ( 1. c., p. 440 ) was 
led to the opinion that two faunas of different ages were mixed together in the 
Chitichun limestone, an older one with Producing aemircliculatui, Mart., and a 
younger one, which might possibly be homotaxial with the fauna? of the middle and 
upper Productus limestones. Thus he endeavoured to show that beds of car- 
boniferous and permian age had been squeezed together in the crag of Cbiti- 
chun No. L 

To me this appears to be a misinterpretation of the true character of the Chiti- 
ehun fauna, mainly due to the prejudice that Productus semireticulalut indicates a 
carboniferous ago of the beds in which it occurs as one of the loading fossils. 
If the presence of Produclut temireticulattu together with a majority of permian 
species is to be considered as a decisive proof of a mixture of two faun® of different 
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ases, we are forced to suppose an equal mixture in the fauna of Timor, where 
Product u* setniretifiulatns is likewise associated with a majority of pcrmian species. 

The testimony of the fossils themselves may be called against such 
assertions. In my own collections from Chitichun No. I there is a rock-specimen 
containing ventral valves of Product n» $emiretioulatu» and P. ckitichunenti$, a 
species which is most probably identical with a permian one from Timor. I can 
assert) moreover, on tho ground of personal knowledge of the crag of Chitichun No. I, 
that Produotu* semiretictdatus is not restricted to certain parts of the crag, but 
equally distributed throughout the entire mass of white, or white and rod, limestones. 
Tho possibility of two or more stratigraphical horizons being mixed together within 
a crag which marks a zone of structural disturbance cannot be denied, but this 
theoretical possibility must in a given case be supported by (acts before it can be 
taken as a substantial basis for further conclusions. 

Both from my personal knowledge of the locality in question and from my 
examination of the fossil materials I am convinced of the fact that the Chitichun 
fauna described in the foregoing pages is the fauna of a single distinct horizon, 
which corresponds in age to the topmost beds of the middle Productus limestone 
of the Salt Range and takes a higher place in the Permian of tho European standard 
than the Sosio limestone of Sicily and the Rothliegende of Germany. 

I am perhaps right in supposing that Dr. Noetling was chiefly led to his 
hypothesis of an assemblage of two different fauna? — a carboniferous and a permian 
one — in the Chitichun limestone, by my incorrect correlation of tho Chitichun fauna 
with the Artinskian fauna of Russia, and that he will maintain his view no longer, 
since our. difference of opinion about the homotaxis of tho 8alt Range Productus 
limestone has been settled in favour of his conclusions. 

The names and stratigraphical distribution of all tho species of Chitichun fossils 
whioh have been found in other countries are shown in the following tabular 
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Statement thousing the diatribution of the Chilichu* 

in other regions. 
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Statement thomng the distribntion of the Chitichun Permian Fauna 
in other region* — continued. 
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Ill MALAYAN FOSSILS. 



II.— PERMIAN F0S8ILS FROM THE EXOTIC BLOCK No. 9 IN THE 
NEIGHBOURHOOD OF MALLA SANGCHA E. G. 

During the months of July and August, 1900, the late Dr. A. tod Krafft spent 
six weeks in the frontier district of Malla Johar, and found it to abound with exotic 
blocks. Among them some blooks of per;nian age were discovered. 

The permian limestone is describod by A. v. Krafft, in his memoir on the exotic 
blocks of Malla Johar, as a massive, light groy and red, marblo-liko crinoid limestone 
with many cleavage-planes. Largo sections of crinoid stems form a most character- 
istic feature. Blocks of this age rarely exceed 30 to 50 feet in diameter. They were 
chiefly traced in the hills to the N.-TV. and W. of the Kiogarh-Chitichun Pass. 
One of tho blocks only, which has been marked as B. B. No. 9 on the map accom- 
panying Dr. A. von Krafft's memoir, is of lar ger dimensions. It yielded a large 
number of fossils, tho majority of which are tolerably well preserved and permit a 
satisfactory identification. 

A provisional list of fossils, based on a cursory examination of the materials from 
this locality, was communicated by myself to Dr. v. Krafft in July 1901, and is given 
on p. 141 of his memoir. 

My subsequent examination has not obliged me to correct any of the identifica- 
tions given in that list, but has proved the fauna of this exotic block to be still richer 
in species, confirming my statement as to its pormian age. 



1865. Aviaul*j>*ttt» Utmalu. Salter. Pklmmtology of Nitl in the Kortbnn Hin:al«y«», by J. W. Stliw 
■ad H. P. BUaford. Clentt*. p. 66, PI. V, fig. U. 
. 1897. A*ic*l<rp*cl<m kiemali., Wwxr. Tht ptrmiao fot.il* oT tb. Pmdatiai .htle* of G»rh«r»! .ad 

KuMoa, P«J«ont. India*, «r. XV, Himakru Pom-, to!. I, pt. 4, p. 0, pt. V, Sg: 10, 11. 

. ■ ■. 

The incomplete fragment of a left valvo is provisionally and with much hesita- 
tion referred to this common species of tho permian Productus, or Kuling, shales of 
the Central Himalayas on account of its external sculpture. In its ornamentation 
tha present fragment agrees completely with my type-specimen of A. hiemalu 
from Kiunglung E. G„ exhibiting three different classes of ribs, which are 
unequal in strength and size, and very numerous concentric linos of growth. As, 
however, the umbonal region of my fragment has been entirely broken off, an exact 
determination is quite impossible, the number of species which are provided 
with a similar sculpture being fairly large. Aeieulopeeten Koktcharqffi, Vern., 
A. Bouei Vern., A, Dratchei, Toulo, A. agyptiacv*, Walther, are among such 
species, to which the present fragment might be compared with as much right 
as to A. kiemalii. 

Number qf$pecimeu$ examined. — 1. 
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EXOTIC BLOCK No. 9, MALLA SANGCHA. 



Leioftebia, sp. ind. 

Tfao incomplete fragment of a right valve may be neferrei with some hesitation 
to tho genus Leiopteria on account of its external similarity to certain types, such as 
L. hirundo, de Eon., or L. navicida, de Kon. A specific determination is impossible. 
My fragment is of large sizo, exceeding 40 mm. in length. It is provided with a 
large, strongly-arched umbo, which is direoted towards the anterior wing. The valve 
is strongly vaulted along its median line, sloping very gradually to the posterior 
wing but very steeply to tho anterior one. Neither of the wings has been 
preserved. 

Number of tpeciment examiived — I. 

Lima sp. ind. aff. betipbba, Sbumard, PL III, figs. 1, 2. 

There are two specimens of this species in A. von Krafft's collection, a single 
right valve and a complete example consisting of both valves, but without 
wings. 

The complete example is nearly equivalvo, the left valve boing a little inferior 
in size to the opposite one, but not more than is the case in many species of Lima- 
tula. Its Bhape is obliquely oval and of nearly equal longth and height. Both 
valves are equally and moderately vaulted and markedly inequilateral. The anterior 
margin forms a broad curve and is continuous with the regularly rounded ventral 
margin, which passes into tho posterior margin at an obtusely rounded-off angle. 
From this angle the posterior margin ascends in a nearly straight line, passing 
gradually into the furrow whioh separates the posterior wing from the remainder of 
tho shelL The apex is somowhat poiterior in its position, little prominant beyond 
the hinge-line, but distinctly incurved. 

In my example consisting of both valves the wings have been broken off en- 
tirely. In my Becond specimen, wbioh is represented by a singlo right valve, only 
slight traces of the anterior wing have been noticed. But the posterior wing is toler- 
ably well preserved. It is high, narrow, and marked off from tho remainder of the 
shell by a slight sinuation. Its surface is perfectly smooth. 

Both valves are covered with a very distinct radiating sculpture. This sculpture 
consists of simple, almost equally strong oostsa, whioh originate in tho apex and 
extend to the ventral margin. Tho ribs are not sharp but rounded on their tops 
aud narrower than the intercostal valleys. The number of ribs is from 18 to 20 on 
one valve. The radiating sculpture is crossed by very numerous and delicate con- 
centric or incremental lines. 

The measurements of tho complete specimen are as follows :— 

Entire length of tb« sbell ...... 21 mm. 

„ height „ 82 w 

Thieknew of both tiItm 9 „ 

The shell which bears the greatest resemblance to the present species is Lima 
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rettfera, Shumard. How £ar the two species resemble each other may be soon from 
a comparison of my illustrations and of the figures of L. rettfera, as given by GeiniU 
(Carbonformation und Dyas jn Nebraska, PI. II, figs. 20, 21) and Meok (Geolo- 
gical Survey of Illinois, voL V, Paleontology, PI. XXVI, fig. 2, and Palaeontology 
of Eastern Nebraska, in Meek and Hayden's Pinal Report upon the U. S. QeoL 
8urv. of Nebraska, Washington, 1872, PL IX, fig. 5). They are, howover, certainly 
not identical. The Himalayan shell is considerably larger, and its ornamentation 
differs by a smaller number of ribs— twenty-five being present in the American 
species — which are rounded above, not angular, as in L. rettfera. 

In the latter character our species agrees with Lima retiferiformis, Neteohajew 
(Die Fauna der permischen Ablagorungon des oestlichen Theiles des europseischen 
Russlands, Trudy of the Imperial University of Hasan, T. XXVII, pt. 4, p. 192, 
PL VI, figs. 18, 19). From the latter species it is, however, easily distinguished by 
its other characters, which induced the Russian author to separate his form from L. 
retifera. Lima kazanetuit, Netachajew, (PI. c, p. 103, PI. XI, fig. 6) is also among 
the nearest allies of my Himalayan shell, but the great difference in size makes 
distinction fairly easy. 

Among the Lamellibranchiata from the pcrmian Fusulina limestone of Sicily, 
Lima tubrelifera, Gemmcllaro (La fauna dei calcari con Fusulina della valle del F. 
Sosio, Fasc. ILL p. 227, PI. XXIV, fig. 11) seems to be nearly allied to our 
Himalayan species, from which it differs by its smaller dimensions and by a trun- 
cated, instead of a regularly rounded, anterior margin. 

The affinity of tho present shell to other species of Lima is rather distant. 
Lima Emit riant, L. de Koninek (Monographic des Foss. carbonifcres do Bleiberg, 
Bruxclles, 1873, p. 93, PI. Ill, fig. 32), though exhibiting a remarkable similarity in 
its sculpture, differs in its general shape by being considerably higher than long. 
Lima Footei, Waagen (Salt Range Foss., Palaxmt. Indioa, ser. XIII, vol. I, Productus 
Limestone Foss., p. 298, PL XX, tigs. 14, 15), is more elongatcly oval and covered 
with more delicate and numerous ribs, some of which reach tho apex of the shell. 



Naticopsis khurensts, Waagen, PL LTI, fig. 3. 

1880. Xatieoptit hurtHnt, W*a£*n. Suit Kange Poet, P&ln-ont. Indies, «r. XIII, toL I, Product. 
LiaustoM Fo», p. 100, PI. IX, fig. 10. 

This species is represented in A. v. Krafft's collection by a single, but fairly 
well-preserved, specimen, which permits of accurate determination. 
The measurements of this specimen are as follows : — 

Bntire length ot the shell 43 mm. 

Grwtart breadth of the .hell . 40 „ 

Height of the last volution at the aperture 86 „ 

Mreadtb of the aperture 24 „ 

Apical angle C US 0 
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My specimen agrees in every respect so perfectly with the figures and descrip- 
tion of Naticopsit khurentit, as given by Waagen, that a detailed enumeration of 
its characters is scarcely necessary. The slightly prominent and angular shelly part, in 
which the two lips of the aperture unite anteriorly, is especially well marked and 
closely rosombles Waagen's illustration (L c, PI. IX, fig. 10 d). The inner lip is 
smooth, flattened and only slightly thickonod, thus exhibiting the principal characters 
of Naticoptis, as stated in M'Coy's diagnosis of this genus. 

The embryonal portion of the innermost volution has not been preserved. 

Professor Waagen considers Natieopsit timladntit, Guombel, as the species which 
is most nearly allied to the present form, and from which, in his opinion, it can 
only be distinguished by the less flattened sutural part of the whorls. I am, however, 
not so certain whether the character montionod by Waagen can really be claimed 
as a distinguishing feature between Naiicopsit khurentit, Waag., and JV. timiaintit, 
Guemb. Geheirarath C. v. Guembel's illustration of A T . timiaintit so olosoly agrees 
in shape and dimensions with my Himalayan example, that I should have at once 
referred the latter to that species without Waagen's statement as to the specific in- 
dependence of N. timlaentit and iV. khuremit. C. v. Guembel in his memoir on the 
presenco of bods of lower triassic age in the Himalayas (Ucber das Vorkomraon von 
unteren Triasschichton in Hochasion, naoh den von den Gobruedern Schlagintweit 
gesammelten Fundstiickcn beurthoilt, Sitzgsber. kgl. bayr. Akad. d. Wissensch. 
Muenchen, 1865, PL II, p. 365) quotes his species from a dark limestone from 
Dharampur in the province of Simla. But the specimens which were oollectod by 
the brothers Schlagintw eit can by no means be regarded with certainty as having 
really been found in the district of Simla. It has been clearly shown by A. von 
Krafft in his note on the presence of Wcrfcn bods in the Himalayas (Centralblatt f. 
Miner., otc, 1901, p. 197) that all the statements of the brothers Schlagintweit as to 
the localities from which their fossils have bocn derived, are entirely mislead- 
ing and untrustworthy. Nor is there any certainty regarding the geological 
horizon of N. timlaentit, oven on the ground of Guembel's conclusions. But 
before this is decidod it will be advisable to separate JV. timlaentit and N. khurentit, 
however slight tho differences between the two forms may appear, especially if one 
is obliged to judge only from the figures, which are not very well executed and ac- 
companied by only very short descriptions. Tho probability that the specific identity 
of both might be fully established cannot, however, be excluded. 

There are very few spocies of Naticoptis with which the present one could be 
particularly compared. Among tho Belgian species of lower carboniforous age, 
which have been described and illustrated by L. do Koninck, N. propinqm, do Kon. 
(Faune du calcaire carbonifero dc la Bclgiquc, Annates du Musee R. d'hist. nat>, T. 
VI, 8cme ptie., p. 18, pL I, figs. 4, 5), and N. contimUit, de Kon. (ibidem, p. 22, 
PI. II, figs. 4 — 6), strongly resemble N. khurentis. N. propinqva differs from our 
Indian species by its broader and posteriorly rounded aperture, and by the presence 
of numerous small folds in the vicinity of the sutures. N. contimilit is likewise 
distinguished by its more regularly oval aperture and by its shorter spire, the length 
of which is considerably less than tho breadth of the shelL 
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Among the permian spooics from the Fusulina limestone of Sicily, Nat. 
TT'aageni, Gommollaro (La fauna dci calcari con Fusulina della Talle del F. Soaio, 
Fasc. II, Palermo, 1889, p. 131, PI. XVIII, figs. 2, 3), and N. mediterrattea 
(ibidem, p. 182, PI. XVIII, figs. 10, 11) exhibit a distant similarity with Nat. 
khurentit. But in the Indian form tho length of the spire is considerably larger in 
proportion to the breadth of the shell than in the first-mentioned species, the aper- 
ture is less regularly rounded, the inner lip especially heing more straight, whereas 
N. mediterrattea chiolly differs from A", khurentit by its inner volutions being 
nioro strongly inflated and prominent above tho suture. 

Of American species Naticoptit snbocata, Meek et Worthen (Geological 8urvey 
of Illinois, vol. V, Palaeontology, p. 5U3, PI. 3S, fig. 1), might be compared, but 
likewise differs from N. khurentit by its shorter spire and by its regularly rounded 
aperture. 

If to the throe groups which Meek and Worthen have distinguished among 
the genus Naticopsia a sub-generic value should bo granted, our Indian species 
ought to remain in the genus Natieoptit (tentu ttricto), of which N. Phillipsi, 
M'Coy, is tho prototype 

Naticopsia khurentit has been quoted by Waagen from the upper limit of 
the Produotus limestone of tho Salt Range. 

Beli.buophon sp. ind. aff. polito, Waagen, PL III, fig. 4. 

A single, incomplete specimen of a small Bellerophon may be compared to 
B. politut, "Waagen (Salt Range Fossils, Palseontologia Indica, ser. XIII, voL I, 
Productus Limestone Foss., p. 1-18, PI. XII, fig. 6), to which at least it seems to 
be very nearly related. 

The whorls arc strongly inflated, broader than high, and forming a comparatively 
large transversely oval aperture. They envelop each other almost entirely, leaving 
open only a very small umbilicus. The aperture is not completely preserved. Con* 
sequently the median slit-band cannot be noticed, but its presence is marked in 
the cast by a median keel, which gradually disappears near the beginning of the last 
volution. In the umbilical region of the aperture small lateral expansions are 
developed. 

Tho surface of tho cast is perfectly smooth. 

The measurements of this specimen arc as follows : — 

Diameter of the ibrll 15 mm. 

Greatest breadth of tin aperture 11 „ 

Height of the / from the top of the preceding whorl ... 0-5 „ 
aperture (.from the lower margin of the hut ex pan-ion . 9 „ 

Bellerophon politut, Waagen, from the upper Productus limestone of the 8alt 
Range hears tho greatest resemblance to my Himalayan example. In Waagen's 
type-specimen from Khund Ghat the aperture is still broader, and the lateral parts, 
which slope from tho elevated median keel to tho small umbilical groove, are 
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more narrowly rounded. In both characters my specimen forms an intermediate 
link between Bellerophon politiu and B. vigilii, Stache (Jahrb. E. K. Gcol. Reichs- 
AnsL, XXVII, 1877, p. 298, PL II, fig. 2), from the permian Bellerophon limestone 
of the Eastern Alps. It is, however, distinguished from the latter species by the 
shape of the umbilical region, which, in oasts of B. vipilii, partly exhibits the inner 
volutions within tho comparatively wide and deep umbilicus. 

Bellerophon tenu{fa»cia, 8ow., one of the leading species of the Belgian moun- 
tain-limestone, is also among the nearest allies of our Ilimalayau form, from which 
it differs by the same characters as B. politut and by the presence of callous lateral 
expansions, which in full-grown specimens of B. tenutfatcia completely close the 
umbilical groovo. 

In Bellerophon aublavit, Hall 1 (Rep. Geol. Surv. of Iowa, vol. I, pt. 2, p. G66, 
PI. 23, fig. 15) the whorls are more strongly depressed, tho keel is not distinctly 
marked and the lateral expansions of the aporturo are so strongly developed that 
they almost cover tho small umbilical groove. 

Among the BellerophontidcB of tho permian Fusulina limestone of Sicily, whioh 
have beon described and illustrated by Gemmcllaro, there is no species which could 
be more nearly compared to the present one. 

Number of tpeeimem examined.— 1. 

Plkurotohakia (Motjblo.via.) huxica, nov. sp., PL III, fig. 5. 

The general shape of this beautiful spooios is depressed, conical, considerably 
broador than high. Tho spire is rathor deproasod, and consists of five or six volutions, 
tho last of which occupies nearly three-quarters of the entire height. 

The last volution is of sub-angular shape. Its upper portion is a little 
more strongly convex than the lower one. Both unite in a narrowly rounded 
edge. This edgo does not correspond to tho slit-band, which is situated a little 
above and is consequently entirely exposed on the upper volutions outside the 
suture. 

Tho slit-band is moderately broad, flat and accompanied on both sides by low 
and narrow ridgos, tho lower of whioh is not far from the suture. The suture 
botween the single whorls is sharply inoissd and very distinctly marked. Imme- 
diately below the suture the volutions are nearly horizontal for a short distance, 
before becoming convox and sloping in a faintly arohed curvo to the slightly 
impressed zone of tho slit-band. 

Tho base of the species is rounded, with a moderately wide and deep umbilicus 
in the middle. The aporturo is transversely oval Its outer lip has been partly 
injured, especially so in tho vioinity of the slit. It is provided with a shallow sinu- 
ation at its lower angle. 

» Thfl rprcifie natal of the American «jwcim mu»t U chaogod, baring W> attrib«(«d to a tjweie. of th» 
Belgian nwontain limeftc.no in 1838 bj Potfez and Mitbaald, a. bat been .tated by L. de Koninck ( L « , T. VII I, 
Urn* pti... p. 186). 
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The measurements of my type-specimen are as follows:— 

Entire length of the shell 24 

breadth „ „ „ 55 

IS 

83 



}o, the aperture ] | | ' | ; | » ; 

Diameter of the umbilicus . . . . . . . ea. 7 „ 

Apical angle 105° 

The shelly layer is only partly presorved. It is covered with very numerous and 
delicate transverse striations, which are closely arranged and cross the spiral ridges in 
a retrograde direction. 

A second specimen, belonging to tho same species, is of much smaller size, mea- 
suring only 12 mm. in longth and 17'5 mm. in breadth. 

Number of tpecimen* examined. — 2. 

Remark*. — The present species must, undoubtedly, be attributed to a section of 
Pleurotomaria, which, in 1883, was elevated to the rank of a proper genus — 
Mourionia — by L.doKoninck (Faunedu calcairo carboniferc do la Bclgique, Annales 
Musee Roy. d'hist nat., T. VIII., 4eme ptio., p. 75). It agrees with the typical 
species of Mourionia from the Belgian mountain limestone in the presence of a wide 
and deep umbilicus and of a slit-band, which is situated in the immediate vicinity of 
the suture, and accompaniod by two bordering ridges. It differs from the nearly 
allied genera Ptychomphalue, Ooateletia, JPorthonia, Ivania (Baylea) by the shape 
of its umbilicus, from Agnesia by its regularly ooiled whorls, from Luciella by the 
position of its slit-band. * 

It must, however, be borno in mind, that according to Kokon (fiber die Entwick- 
lung dor Gastoropod en vom Cambrium bis zur Trias, Neues Jahrb. f. Miner. Beil. 
Bd. VI, 1889, p. 352), L. do Koninck's genus Mourionia is altogether untenable, having 
been founded on characters whose generic importance is strongly refuted by Kokcn. 

Among the lower carboniforous spooies of Western Europe there is none which 
could bo compared more closely with the present one. Mourionia euomphaloi- 
detdo Koninck (I.e., p. 87, PL XXIV, figs. 11, 12) somewhat resembles it in its 
ornamentation, but is at once distinguished by its olongately oval shape and by its 
very large and circular aperture. In gonoral shapo 3f. hnnica is more similar to 
Ptychomphalus tublavia, do Koninck (1. o., PI. XXIV, figs. 13, 14), yet impor- 
tant points of difference preclude their being considered as nearly allied species. In 
Pt. attblavU the spire consists of more rapidly increasing whorls, the slit-band occupies 
the median zone of the body whorl, and the umbilicus is not distinctly marked. 

It is rather difficult to ascertain the true relations of Mourionia hunica to the 
species from the pcrraian Fusulina limestone of Sicily which have been united in the 
genus Pleurotomaria by Gemmellaro. Pleurotomaria JIariani, Gemmol. (La fauna 
dci calcari con Fusulina della valle dol f. Sosio, Fasc. II, p. 167, PI. XIII, figs. 27—31 ; 
PI. XIV, figs. 1—10, PL XIX, fig. 12), which probably belongs to the subgenus 
Ptychomphalta, so far as ono may judge from tho shape of the falso umbilicus, strongly 



Digitized by Google 



MALLA SAXGCHA. 



69 



recalls the present species in the character of its ornamentation, hut is of more 
longately conical, almost trochiform Bhape, its apical angle varying from 74° to 83". 

The species of Pleurotomaria from the Productua limestone of the Salt Range, 
which have been described and illustrated by Waagen, undoubtedly belong to sections 
of this genus, whioh are very different from the group of forms represented by 

BRACHIOPODA. 
Prodi* ctds Abichi, Waagen. 

1884. Prodnttu Abiehi, Wiuii, 8alt Ring* Foaaili, Palatini. Indian, aer. XIII, toI. I, ProdocUa 

LW'iton* F«., p. 697, PI. LXXIV, fig*. 1—17. 
For a oomplet* lict •! aynonyioi I refer to my melnoir on tho fanna of Chitiohnn No. I, (Ft. 3 of tho 

ji > om ut Toluino, p. 36 ). To tbate eynonyrol the fallowing aliould be added— 

Abichi, Uimrr, Himalayan Pom., Palaeont. Indie*, Mr. XV, vol. I. PI. 2, Anthraeoiitfu* 

Poa*. ol Kaahmir and opiti, p. 93. PL 1, fi(t. 8. 
1900. iW»efw Abicki,Q.i. Artlinber. Ueberda, Pel-otoienm in Hoeharmenien ond P*r»ien, Beitrag. 

nir G*ol. u. Pelteout. OrnterNwh-Uuicame, ate., XII, p. 262, Taf. XX, 6g. 1. 

Of this beautifully sculptured species three tolerably well preserved ventral valves 
havo been found among the fossil materials collected by A. v. Krafft in 1900. All 
of them oro of median size, moderately inflated, provided with a strongly attenuated 
apical region and with a distinct sinus. In all these characters they agree most nearly 
with my examples of P. Abichi from the permian limestone orag of Chitiohun No. I. 

My largest specimen measures 28 mm. in length and 35 mm. in breadth. Re* 
garding these dimensions, I think myself justified in identifying it with P. Abichi, 
not with the very nearly allied Prod, gangeticus, Dion., which is distinguished from 
the former species by the internal arrangemont of its dorsal valve. 

A very interesting species from the German Zechstcin has been quoted among the 
nearest allies of P. Abichi by G. v. Arthaber. This species is Prod. GeinitsianusYta. 
geranus, Eisel (1. c, p. 254, PI. XXI, fig. 1). To me the true relations of the German 
species to Prod. Abichi do not appear to be very close. Notwithstanding its 
external similarity to Prod. Humboldti and its allies, it is a typical representative of 
tho group of "horridi" which differs from P. Abichi not only by its longer 
hinge-line and by tho development of distinct, slightly inflated wings, but also by 
its much coarser ornamentation. 

y umber of specimens examined— 3. 

Pboductds chitichunensis, Dieuer, PI. Ill, fig. 8. 

1808. Prvdueiut, up. ind., BothpliU. Die Perm. Tria« and Jurafonnatioo «of Timor ond Bo:ti 

PelieoBtogmpliim. 3 a Bd., p. 77, PI. X, nga. 17. 18. 
1897. Product iu <Win>»<i» far. eAitie Aiui«a»i>, Dirner. The peraorub. fauna of CVitickun No. 1 

I'aloont. Indies, nr. X V, Himalayan Foatita, Til. I . pt. 3, p. SO, PI. II. S<«. i, 4. 
(?) 180S. PrtdteluM temiretkulattu. Loczv, Die wisaenMhaftliobeu Ergeboiaee dm Beiae del Grafen Bala 

Sieobeoyi in Oitaaien, III Bd., AMi. VI, p. &». Taf. I. 6g. S3. 

In my memoir on the fauna of Chitichun No. I a species of Productus has 
been referred to P. boliciensis, d'Orb., as a variety whioh is distinguished from 
Prod, semireticulatus. Mart., by its remarkably well-developed auriculate expan- 
sions and by its delicate sculpture. A specific separation of P. boliviemis from 
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P. srmireticulatui is, in my opinion, justified by tho development of large wings, 
the strong curvature of the spirally-enrolled ventral valvo, and the transversely 
elongated shape. In this view the majority of authors agree notwithstanding 
Grunewaldt's and Schollwien's opinions to the contrary, and I feel satisfied tliat 
it has been likewise admitted by Enderle in his recent description of the anthraco- 
lithic fauna of Balia Maaden in Asia Minor (Beitrage zur Geologie u. Fahoont. 
Oesterreich-Ungarns, etc., vol. Xill, p. 63). 

I have hitherto considered the Produclus from the permian crag of Chitichun 
No. I as a variety of P. bolhientis, with which it agrees in its general characters, 
but I confess that the mora complete specimens, which have been collected by v. 
Krafft in the exotic block No. 9 near Malla Sangcha, might probably better be inter- 
preted as forming a distinct species and not a well-marked variety of P. boliviensis. 
In one of the ventral valves of these specimens a larger portion of the trail has been 
preserved than in any of my examples from Chitichun No. I. The trail exhibits a 
very peculiar sculpture. To the numerous and delicate longitudinal ribs are added 
a number of flat and broad costs; which impart to this portion of tho shell a rugoso 
character. This type of soulpture so decidedly differs from tho ornamentation 
met with in tho true Prod, bolieiemi* from South America and from Russia 
that the interpretation of my Himalayan Produclus as a separate 6pocies appears 
to be the more correct course. 

If we look at the illustrations of A. d'Orbigny's type-specimen of Prod, 
boiiviensis from Yarbicbambi, or at the Russian typo-specimen of the species in 
Nikitin's memoir on the fauna of the Gshelian stage (Memoires Com. geol. do la 
Russie, 8t. Pitersbourg, 1890, vol. V, No. 5, PI. I, fig. 4), and compare them with 
that of Prod. Chitichunensit in this memoir, it must he admitted that a great 
difference is observable in their sculpture, greater even than hotweeu several species 
of the group of semireticulati, which havo been distinguished by "Waagen in the 
fauna of the Salt Range Product us limestone. 

There is only one species of Products in which tho visceral region is ornamented 
by such numerous and delicate longitudinal striations as in Prod, ohitichwwnsis. 
This species is Prod, multistriatus, Meek (U. S. Geol. Exploration of the 40th 
Parallel, vol. TV, pt I, p. 76, PI. VII, fig. 3). In its general outlines, in the presence 
of well-devoloped ears, in tho shape of tho mesial sinus and in the strong curvature 
of tho profile of the umbonal region, my type-specimen of Prod, chitichunemit from 
Krafft's collections closoly resembles Prod, mtdtislriatut. Nevertheless, the two 
species must be placed among two different groups of the genus Productus, P.mulli- 
striatum being absolutely devoid of any transverse wrinkles in tho apical region and 
belonging consequently to tho section of " lineati, " not of semiretienlati. 

The measurements of the figured specimen, tho largest and most complete of 
P. ekitichunensis hitherto discovered, are as follows : — 

Length of the ventral valve in a straight linu .... 37 ram. 

f, „ „ ,. valve along the curve . . . . ea. 75 „ 

Greatest breadth of the uliell 74 „ 

Thickness of the ventral valve 2» „ 

Number of specimens examined. — i. 
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Pbodcctcs gratiosus, Waagcn, PI. Ill, fig. 23. 

1891. Product** jratioHU. Waaeen. S»lt Range Fowib, PalaxmL Indioa. ttT. XIII, Tol. I, Prodocttt* 

Linmtoix. Pom., p. 691, PI. LXXII, fige. 3-7. 
Pot a eompleta li.t of tynonyioi I rcfei tk« renin to my roorooir on th« fauna of Chitiehnn No. I (pt. 3 

of thi. Tolqioe. p. 23). To three ejoonynii the following oaght to ht added 

1900. Product** gratif**. Sclusllw Die Kanna der TrogkofolwUchlen in den Karniscben Alpen and den 

KaMwMken, Abhan.1l. K. K. Go.1. lt.ieh.-Amt , XVI Bd, p 48, Tat VIII, fig. 8. 

1901. Product** grain***, Enderle. Ccbw einoantbineolithiecb. fauna Ton BalU Maaden in Kleinarieo. 

Eeitrii^e ior Gool. nod Palwontologio Oe«tenekb.trnsani», etc., Bd. XUI. p.«6. 

The present species of Productnt is the commonest among A. von Krafft's 
collections. My specimens, although exhibiting great variability in size, in- 
flation and sculpture, agree with the typical forms from the Salt Range and from 
Chitichun No. I. 1 have not met with a single specimen exhibiting the prominent 
ridges which mark off the wings from the remaindor of the shell in Prod, gmtiostu 
var. occidentals, Sohellw., from the carboniferous Fusulina limestone of Carinthia. 

In some of my spooimens tho ventral valve is comparatively low, as in the types 
from the middle and upper Productus limestone of the Salt Rango, which have 
been figured by Waagen in figs. -1 and 0 of Plate -LXXII of his monograph. 

In a few others the geniculation of the strongly inflated ventral valve is more 
distinctly marked than in tho majority of specimens which have been illustrated 
by "Waagcn and by myself. Tho variability in the shape of tho sinus is very 
great. A narrow mesial sinus is always present, though in somo of my specimens 
it becomes rather shallow. In one of my specimens (PI. Ill, fig. 23), however, 
the sinus is extraordinarily deep, deeper even than in the specimen represented 
in fig. 7 of my memoir on the fauna of Chitichun No. I. 

As a rule the representatives of this species arc easily distinguishable from 
tho congeneric forms, notwithstanding their great variability. But in some of 
the delicately ribbed varieties the resemblance to Trod, longispiaug, Sow., becomes 
so strong that a distinction is rendered difficult, if the wings, which in Sowerby's 
species are always less distinctly developed and smallur, are not accessible to 
examination. 

Number of tpecimem examined.— 34. 

Productus cf. hongouous, Diencr. 

186S. Products ef. eon, Kayeer. OtwriirboaWw Faooa wo Loping. Rb!itbot»n , » «• Cai.ii." IV, p. 18?, 
PL XXVII, fig. 6. 

1S87. Product*! mongalic**, Dinner. Himalayan Fueail., FaWaU Indies, <er. XV, rol. I, pt. 3, The 

permuoarb. fnnna of Cbiticbnn No* I, p. 28, PU IV, age. 8 — 10. 
1899. Product** vumgoUetu, Uieoer, Rid*, rol. I, fU 4. AntUraoolUuiu Foatili of Kaabmlr and Spiti, p. 88, 

PI. V, 6g». 7 and 8. 

1901. Productus mou0> lie**, Fliagel, Uubar olwroarbonUja* Pauses an* Oat. nod Soedaalen, PaUaju- 
tograpbica, *9 tkL, p. 180. 

A single, incomplete ventral valve is referred to this species with some 
hesitation. Tho apical region having beou partly broken off, the specific determina- 
tion cannot be mado with certainty. 
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The triangular shape and the acuminate character of the apex forbid a 
closer comparison with Producing undatua, Defr., and its nearest allies. Tho wings 
have been broken off entirely. Thus the most important feature of distinction, 
between Prod, mongolian and P. compreaaut, "Waagcn, is not observable. The 
ornamentation is more strongly marked than in P. mytUoidet, Waag. The regular 
shape of tho apical region and the absence of a distinctly marked gcniculation, 
as represented in Waagen's illustrations of P. compreatua, favour an identification 
of the present specimen with P. moagolicvt. 

My specimen is of small size, recalling in this respect the smaller of the two 
specimens, which have been figured in my memoir on the fauna of Chitichun No. I. 
and is considerably smaller than the types from the upper carboniferous rooks of 
Loping in China and from Barus in Kashmir. 

PaonrcTCS cf. undatis, Def ranee. 

1812. iWcrfiu (IMrunc*), L. it Kwntock. Description dea animaoi foaailvs do teiraiu catiom- 

fere d? Brlgiqnc, p. tt«, PI. XII, fig. 2. 
r or a itjot* com f]eU list of njuenyina tba reader b rafemd to my memoir on the Antliracolitbta foasUa of 

Kaahrair and Spiti, ft. 2 of tb* present volume, p. 8S., 

An incomplete ventral valve is probably referable to this wide-spread species. 

The shell is of moderate size and differs from the typical form of Prod, undatua 
as represented by L. de Koninck's and Davidson's type-specimens from the 
mountain limestone of Belgium, England and Ireland, by its elongately oval 
outline. Its length is nearly twice as great as its breadth. In this respect it 
recalls the specimens of Producing cancriniformia, Tschern., from tho Productus 
shales of Eiunglung E. 0., and from the pcrmian rocks of the Gossass River, which 
have been illustrated in figs. 7 and 9 on Plato I of the fourth part of this volume. 
As, however, the shape of Prod. cancriniformia is exceedingly variable, every 
variation being found connecting tho twoextrouics, viz., those with clongately oval, 
and those with transverse, outlines, this difference between the shape of the present 
specimen and that of the commonest form of P. undatm can barely bo considered to 
be of specifio value. 

The valve is strongly convex, without any sinus, but with a strongly incurved 
apex, which only just projects beyond the hinge-line. The hinge-line is considerably 
shorter than tho greatest width of the shell and tenninates in very small auricular 
expansions. The sculpture presents the " crumpled or terrace-shaped appearance," 
which is characteristic of Prod, undatua and its nearest allies. The concentric 
wrinkles are not regular but repeatedly interrupted in their course. 

My specimen agrees perfectly with the typical P. undatua in its sculpture, but 
differs in ita elongated outline and in the shape of the transverse profile, which is 
characterized by the lateral parts ascending Very steeply from the margin towards 
the highly elevated visceral portion. 

The wings are not bent down as steeply as the lateral parts, but are expanded 
in such a way as to form an angle with the adjoining portion of the valve. This 
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character of the wings, only one of which has been preserved in my specimen, and 
the regularly rounded, uncompressed or acuminate shape of the apex, forbid an 
identification with similarly ornamented types of tho section of " stria ti ", snch as 
Prod, mongolicut, P. cotnpressui or P. mytiloidet. Nor do I believe the relations of 
my specimen to Prod, hamitpharium, Kutorga, ought to be considered as closer 
than to P. undatut. 

My specimen is absolutely devoid of spines, and the terrace-shaped appearance 
is far more strongly marked than in P. htemitpherium, in consequence of its better 
developed conccntrio wrinkles. 

Exact measurements of this specimen cannot be given on account of its 
incomplete state of preservation. 

Prouuctos plano-HjEMISpHjEbium, Nctsoh., PL III, fig. 17. 

1664. Pr»jT<*M Umuel**—,, K.jr^rlkfc la Sebrnxk't Rauc rob d«n .Vonio.t™ in (raropawdwT 

Kunindt. II. p. 108. Taf. IX tgi. )«. 17. 
1861. Prvd*«*. km-UpkarUm, («. parU\ Q«oHz. Hit Djm. Bd. I. p. 102,1V. XVIII, fig. S9(iw»28). 
18W. Prorf«ff«« plano-Saaitfkarrium. Notaehnj.w. Die F.udi dm permiwbeB AblLgerongm At* awUieher 

TVil.. if «rop»i«ibCT Kudaui* Mm. of tbo Imptr. U-lmritj „f Kimo, f. iXVU. pt 4, 

p. 148, PL IV. fig. 2. 

N. Golowkinslcy was the first palaeontologist to remark the difference between 
the perraian species which had been collected by L. v. Schrenck in the limestone-marl 
of the Pinega from the typical Productu* hamitpharium, Kutorga- The charac- 
ters by which it differs have been clearly fixed by Netsohajow, who assigned a 
new specific denomination to Graf Keyserlbg's species. This remarkable species, 
which has hitherto never been noticed in deposits lower than true permian, is repre- 
sented in A. v. Krafft's collections by two ventral valves, one of them agreeing perfectly 
with Netschajew's description and with the figure given by Count Kcyscrling. 

My figured specimen is smaller than those illustrated by the Russian authors ; 
it has a transversely elongate outline and very strongly curved profile. 

The beak is strongly incurved and almost spirally inrolled. The wings are 
strongly produced and fusiform, but not marked off distinctly from the visceral portion 
of the valve. On the contrary, the transverse section of the valva from the central 
part, which is the highest, to the extremities of the wings, forms an almost regular 
semicircle, with a flat depression in the middle. To this depression, however, there is 
no corresponding sinus in tho front-margin. The hinge-lino is provided with a small 
number of little, but distinctly developed, spines. 

The surface of the shell is covered with numerous radiating, longitudinal lines, 
which are separated by valleys of equal width. Their longitudinal ornamentation is 
interrupted by irregular transverse wrinkles, which are broader and more prominent 
than the radiating lines. The sculpturo is as distinctly developed in my Himalayan 
specimen as in KeyBerling's example from the Pinega, and more strongly marked 
than in Netschajew's type-specimen from the river Wiatka. 

The trail has not been preserved in any of my examples. 
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The measurements of the figured specimen are as follows :— 

Length of tb« *heU in a straight line . . .8-5 mm. 

„ „ „ along the curve 17 „ 

Breadth of the ehell along the hinge-line 16 „ 

Thickness of the ventral valve . 7 „ 

Number of tpeciment examined. — 2. 

Jiemark: — An Asiatio species, which seems to be nearly allied to the present 
one, is Produetui yuetinattemri*, Loczy (Wissenaohaftlioho Ergebnisse dcr Beiae des 
Qrafen Bola Szeohenji in Ostasien III, Bd. IV, Abth., p. 125, Taf. VI, figs. 1, 2), 
from tho upper carboniferous and permooarbonifcrouB limestone of the Wo-shi-wo 
grotto near Toung-ohang-fn in Yunnan- This Chinese species strongly recalls Trod, 
plano-hamiapluerium in its shape and sculpture, especially the smaller specimen, 
which is represented in fig. 18 together with the text of Loony's description. It 
differs chiefly by the presence of a well-marked angle, in which the strongly produced 
and fusiform wings unite with the visceral portion of tho ventral valve. 

The variety of Produclut gigantettt, Mart., which has been elevated to the rank 
of a species — Prod, latusimtu— by Sowerby, also shows a well-marked external 
resemblance to Prod.plano-hamitphturium in its outlines, especially in the presence of 
strongly produced wings, which arc not marked off from the remainder of the valve, 
and in the shape of the profilo, but differs remarkably in its sculpture, which consists 
of irregular longitudinal ribs with scattered tubercles, and in the absence of spines 
along the hinge-line. 

Mabginifkba typica, Waagen. 

1884. Maryinifera typiea, Waagen. Salt Range Foaaila, Palannt. Indies, nr. XIII, toI. I, Product™ Lima- 

•ton« Fwa., p. 717. PI. LXXVI. fig.. 4—7 i PI. LXV1U, 6g. 1. 
1889. Xaryintftra typirv, TaehernjaalMir. Mem. Com. geol. 8u Petcnbonrg. vol. III, No. 4, p. 374, PL 

VII, fga. 28-28. 

1897- Mtryinifera typiea, Dwntr. Himalayan Foaaila, Pahaoot. Indian, aer. XV, toI. I, pi. 8, Th* per- 
moonrb. fauna of Chiticbnn Ko. I, p. S3, PL IV, fig*. 11—18 ; PI. V, figa. 1—3. 

Among the representatives of Waagen 's sub-genus Marginifera in A. v. Erafft's 
collections two ventral valves agree perfectly with my specimens from the permian 
limestone of Chitichun No I. In one of them the internal ridges, — to which a generic 
or at least sub-gencrio value has been attributed by Waagen, Isohernyschew and myself, 
notwithstanding Nikitin's and Schellwien's arguments to the contrary, — are distinctly 
developed. 

Makginifeka helica, Abich, PI. Ill, fig. 9. 

1878. Product ue intermedin* Mieut, Abich. Ganlogitcha Hor»chung*n in deu Kaaluti»«han lawrndtrn. I, 
Tbail, Kin* Bergkalltfatina M» dar Araxoamgii b«i Djutfa in Armoiiwn, p. 44. Taf. X, fig*. 
3, 4, 18— SO. 

1878. Product*, aeuitatut, Abich. Ibidem, p. 60, Taf. V. Sr. 12. Tui. X. fig. 81. 
1878. Prcdmettu tpinmlonu, Abich. Ibidem, p. 51, Taf. 7, fig. 9. 

1878. Productue iorridue nr. minor, Val. t. Malkr. Urierdta bathrologixfao Btcllang der Djolfa- 

Schiohtan, None* Jahrb. f. Miner., p. 853. 
1887. Merginifer* htlita, Waagto. Salt Bang* FoniU, Palawnt India, wr. XII I, Vol. I, Prodaeta* Line- 

•tons FoaaiU, p. 714. 
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1900. Mayimyftra imttrmdia Ulica.Q- ». ArtUb«r. UeW <b* Ptlacaoleuai is HooUroncnira mad rmin 
Beiti*g» xv GdoL n. Ptlmnt. Owttrr.-Ungara», Bd. XII, p. 26i, T»f. XX, fig*. 10— W. 

Of this species ono single but exoellently preserved specimen has been discovered 
in A- v. Krafft's Himalayan oolleotion. It is unquestionably identical with the 
Armenian shell which was first described by Abich and the characters of which 
have been more dearly established by O. von Arthaber in his recently published 
memoir on the permian fauna of Djulfa. 

It has been stated by G. von Artbaber that Margini/era heliea and if. »pi*o- 
sooottata, Abich, are the terminal links of a chain of forms which are connected by 
so many intermediate shapes that thoir exact determination becomes sometimes very 
difficult. It is not, however, to any of the intermediate shapes but to the typical M. 
helica that the present specimen must be compared. Among the types illustrated 
by Abich the specimens represented on PL X, in tigs. 12 and 17 are most in 
accordance with my Himalayan example. 

My specimen is of small size, with a transversely oval outline and small wings, 
which are not marked off sharply from the remainder of the shell. The ventral 
valve is strongly inflated and provided with a shallow sinus, which bocomes some- 
what more distinctly developed in the vicinity of tho front. 

The hingo-lino is considerably shorter than tho greatest diameter of the shell, 
and its corners are truncated. In the apical region the valve takes a remarkably 
acuminate appearance. The beak is small and pointed, and projects beyond the 
hinge-line. Its point is perfectly well preserved and exactly agrees with the illustra- 
tion given by 6. v. Artbaber in 8g. 12 of his memoir. 

The shell is ornamented with a very delicate concentric or transverse striation, 
which is most distinctly marked in the apical region. The tubercles are not 
numerous and are quite irregularly arranged. 

The dorsal valve is flatly concave, with a deep impression directly below the 
apex. The small wings are slightly reflected and separated from the remainder of 
the valve by two shallow, rounded ridges. A very low and delicate fold corresponds 
to the median line of the valve. The margins exhibit the bordering ridges, which 
are a leading feature of Waagen's sub-genus Margini/era. 

The sculpture of this valve consists of very numerous and delicate concentric 
lines, which are occasionally interrupted by low spines. 

No trace of a trail has been noticed in this specimen. In this respect the latter 
also perfectly agrees with tho Armenian types collected by Proch and Q. v. Artbaber, 
none of which is provided with a trail. 

The measurements of the present specimen are as follows :— 
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Remarks.— The identification of a Himalayan Marpinifera with Abich's 
spocies is of some interest, as the latter has not as yet been disoovered in any beds 
bnt the permian oephalopod-bearing limestone of Djulfa. 

Prom Margintfera transversa, Waagen, a Salt Range species which is consi- 
dered to be most nearly allied to M. helica by Waagen, the present specimen is 
distinguished at a glance by the absence of the regular row of spines, which gives 
its characteristic appearance to the limit between the wings and the visceral portion 
of tho ventral valve in M. transversa. 

Some of the Chinese specimens, which have been identified with Prodvctus 
oculeatua, Mart., by Kayser (Oberuarbonisohe Fauna von Loping, Riohthofen's 
'.' China," IV Bd., Taf. XXVI, fig. 1, non 2-6), are referred to a new variety of 
Marginifera helica by Fliegel (PahBontographioa, 48 Bd„ p. 129, Taf. VT, fig. 7). 
But they do not agree completely with any of Abich's Armenian examples, as has 
been stated by Fliogcl himself. To the differences which have been enumerated by 
that author the presence of a very distinct radial or longitudinal ribbing in the 
Chinese shells must be added, which I have not noticed in any of the numerous 
specimens of the true M. helica which have been oollected in the permian Otooeras 
beds of Djulfa by Freeh and Q. v. Arthabor. 

Scacchinella, sp. ind., PL HI, fig, 10. 

1886. SeaceMnMa, GemmclUru Soprm due boot! generi dl BnehUipodi, pnorenienti dei atari eon Fan- 
Una d«IU proviiicl* di Puisnes, Palermo, p. 4. 

It is with some doubt that I refer an incomplete fragment of a ventral valve 
to the genus Scacchinella, without venturing on any specific determination. 

Only the apical region is at all well preserved in this fragment. Its outlines 
are irregularly triangular. The very long and prominent apex is not incurved, 
but considerably deformed. It is not distinctly pointed but shows a mark of attach- 
ment, as if it had been fixed to a foreign body. The hinge-line is straight and 
considerably shorter thin the greatest breadth of the shell. The ventral valve is 
provided with a very high, triangular area which is separated from the lateral parts 
by sharply rounded edgos. A narrow pscudodoltidium is only indistinctly developed. 

I have not boon able to clear its surfaco from the adhering matrix, and conse- 
quently cannot say whothcr in its ornamentation it does or docs not correspond to the 
adjoining portions of the area, in which both horizontal and vertical strife aro noticed. 

The surface of the vontral valve is covered with very numerous and delicate 
concentric lines of growth Where the shelly substance has been entirely preserved, 
very delicate and long tubular spines may be noticed. 

No exact measurements can be given, owing to the fragmentary and deformed 
condition of tho present specimen. 

There are three genera, to whioh our form may be compared, Scacchinella, 
Gemmellaro, Aulosteges, Helmersen, and Geyerella, Schellwien. All these genera 
are characterised by the presence of a strongly elongated apical portion of the ventral 
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valvo, which occasionally assumes the character of a true proboscis and imparts 
to the *alve a conical shape. 

Oeyerella is not difficult to distinguish from my specimen by its radial plica- 
tion and by the presence of a very distinctly marked pseudodeltidium. The latter 
character may likewise be considered as a feature of distinction between our form 
and the genus Aulosteget. The ornamentation of the shell is also different. 
Among the genera which the present specimen recalls in its external characters — 
nothing of the internal arrangement is, unfortunately, known to me— Scacchi- 
nella is the one to which it appears to be most nearly allied. A comparison of the 
illustrations of the Himalayan specimen and of Scacchinella variabilis in Gem- 
mellaro's memoir will convince the reador of the great external resemblanoe of 
the two species. Gemmellaro's 8icilian representatives are, it is true, devoid of the 
silky lustre of the shelly substance, which is distinctly exhibited in my Himalayan 
example, but the presence of this character depends only on the state of preser- 
vation of the shell, as has been stated by Schellwien (Die Fauna der Trogkofel- 
achiohten in den Earnischen Alpen und den Karawankcn, Abhandl, E. K. Geol., 
Reichs-Anst., XVI Bd., p. 33). 

It is on the strength of the external resemblanoe of my Himalayan specimen 
to Scacchinella that I have referred it to that genus, but 1 am far from being con- 
vinced of the correctness of this identification. 

Lyttonia cf. nobilis, Waagen. 

188S. LyttonU nobilU, Wv«n. Ptlaootologia Indict, Mr. XIII, 8.U R*Oft* Fotoilt, nil. I, Prod set ni 

Limctone Fowl*, p. 308, PI, XXIX. XXX, fig*. 1, 3, 6, 8, 8, 10. 11. 
1897. Lfttoma nMtit, Diooor. Th» p«ioot»rb. f»an» of Chitiehno No. I, Palaoat. Iodkj. XV, 

HhnaUj.o Fowl., toI. I, pt. 3. p. 87, PI. I. £«*. 6-7. 

Among the fossil materials collected by A. v. Erafft there is a fragment of a 
moderately large Lyttonia whioh I believe to bo most probably identical with 
Waagen's species from the Produotus Limestone of the Salt Range and of the 
permian limestone of Chitichun No. I. 

My Himalayan fragment corresponds to the cardinal portion of the ventral 
valve, but its outlines are broken off entirely. On the inner side of the ventral 
valve the median longitudinal furrow is clearly exhibited. The high lateral septa 
form roof-shaped ridges and arc placed symmetrically to the median furrow, which 
is partly filled up with matrix, so as to cover almost completely the low but indis- 
tinctly developed median septum. The lateral septa are placed symmetrically to 
the median furrow and are separated by valleys of equal breadth. 

Of the shelly substance no trace has boen preserved. 

The very close relationship of Lyttonia nobilis and L. tenuis, Waagen, makes 
a distinction between the two species nearly impossible, if one ha? to deal with 
imperfect fragments only. It is chiefly the massive development of the lateral 
septa, which induced me to venture on an identification of my Himalayan specimen 
with L. nobilit. 
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Orthothetes Keaffti, nor. sp„ PL III, figs. 6—7. 



There has been some confusion about the distinction of genera among Waagen's 
sub-family of Ortholhetime ; this, however, has been cleared up recently by Schellwien 
in his monograph on tho permocarboniferous Brachiopoda of the Karawankas and 
Carnian Alps (AbhandL K. K. Geol. Reichs-Anst., XVI Bd.,p. 15). Nothing seoms to 
bo more difficult than to classify those fossil shells, which in their external characters 
so olosely resemble each other, and tho majority of which have been referred to 
Streptorhynchus {recte Orlhothetes) crenistria, Phill., by a large number of authors. 

Schellwien's classification, which in its principles follows the scheme given by 
Waagen, is chiefly based on the internal arrangement. In this classification the 
sub-family of Orthothetinee comprises five genera, whioh are distinguished by 
the following characters : — 

1. Streptorhynchus, King (Monograph of the permian Fossils of England, p. 109). 
Without any distinct septa in the ventral valve. Very variable in shape and sculpture. 

2. Derbyia, Waagen (Salt Range Fossils, Palaeontologia Indica, ser. XIII, vol. 
I, Productus Limestone Foss., p. 591). Median septum in tho ventral valve. 
8hell smooth or nearly smooth ; not very high. 

3. Orthothetes, Fischer v. Waldheim (Oryotographio du Gouv. de Moscou, 1880, 
p. 183). Ventral valve with two septa, which are strongly divergent in geologi- 
cally older forms, but run nearly parallel in geologically younger species (sub-genus 
Orthothetina, Schellwien, Neues Jahrb. f. Miner., 1900, I, p. 8). Recalling Derbyia 
in its external characters. Hinge-lino long ; dorsal valve with a distinct area. 

4. Jfeeketta, White and St. John (Transact. Chicago Acad, of Sciences, 1850, 1, 
p. 120). Ventral valve with two gonerally parallel septa, which in some species ap- 
proach each other so closely that they may be mistaken for a single septum. Hinge- 
lino shorter than the greatest breadth of the shell. The majority of species with 
strong radiating plications. Valves high, the dorBal one not provided with an area. 

5. Oeyerella, Schellwien (Abhandl. K. K. Geol. Beichs-Anst., XVI, Bd., p. 24). 
The two septa of the ventral valve arc united into a singlo median septum within the 
visceral portion of the shell. Id shape and sculpture agreeing with Meckella, but the 
hinge-line as a rule more or less obtusely rounded and not distinctly limited off from 
the lateral margins. 

The present species, which in A. von Krafft's collections is represented by two 
tolerably well preserved examples, somewhat recalls in its size, outlinos and orna- 
mentation the small variety of Orthothetes crenistria. Phill., which has been illustrated 
by Davidson on PL XXVI, fig. 4, of his monograph (Orthis caduca, M'Coy). The 
internal characters of the species are those of the genera Meekella and Orthothetes. 
Through the translucent shell of the better preserved specimen the septa are clearly 
visible, at least in the apical region. In the ventral valve two parallel septa can be 
noticed, reaching from tho apex for some distance towards the visceral portion of the 
shell, where they are no longer observable. In the apical region of the dorsal valve the 
presence of a median septum and of two strongly diverging lateral septa has been 
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ascertained. As the permian species of Orthothelet with parallel septa in the ventral 
valve oompletely agree with Meekella in their internal arrangoment, a decision as to 
which of the two genera should include our species must be based on external characters. 

The external features are of a somewhat conflicting character. According to 
Schellwien's statement even those species of Meekella in which the radial plication is 
but very indistinctly developed, oan always be distinguished from Orthothetes by 
their short hinge-line and by the absence of an area in the dorsal valvo. In them 
characters the present species agroes with Meekella, not with Orthoiheles. It is, 
however, evident that the overrating of this character would lead us to a result 
which is contradictory to the majority 6f characters in our species. In all its exter- 
nal features the latter bears so olose a resemblance to a typical Orthothetes, and not 
to Meekella, that it cannot be excluded from the first genus simply on account of 
its short hinge-line. By the absence of radial plications and by its low area the pres- 
ent species is rather distant from the typical representatives of the genus Meekella. 
Even the group of Meekella evanescent, Schellwieo, in which radial plications are 
only rudimentary, is at once distinguished by the disproportionate size of its two 
valves and by the extremely high area of its ventral valvo. 

Thus our Himalayan species cannot bo classed with Meekella, notwithstanding its 
short hinge- line, but must bo placed in the genus Orthothetes, Fischer v. Waldheim. 

My specimens are of moderate size, with a comparatively low ventral valve, a 
low ventral area and a very short hinge-line, which is not limited off very dis- 
tinctly from the lateral margins. In the longitudinal direction the ventral valvo is 
barely arched at all, while transversely it is strongly curved in the vicinity of the 
lateral margins, but appears nearly flattened in the middle. The beak is prominent, 
pointed, and very slightly incurved. The triangular area is not high, reclining, and 
provided with a comparatively small pseudodeltidium. A shallow median sinus is 
noticed in the front-margin. 

The dorsal valve is but little shorter than the ventral, and more strongly vaulted. 
Prom the apex a median depression extends to the front. This median depression 
is bordered on each side by a low, rounded elevation, which gradually passes into 
the lateral portions of the shell. The apex projects distinctly beyond the hinge- 
lino. The area of this valve, if it exists, is only linear. 

Both valves are covered by a delicate but sharp radial striation, which increases 
towards the margins of the valves by the intercalation of new ribs. Where the shelly 
substance has been entirely preserved, very fine oonoentrio striae of growth may be 
observed intersecting the radiating ornamentation. Radial plications are only quite 
indistinctly developed in the vicinity of the lateral margins. 

The measurements of the more completely preserved specimen are as follows: — 



Entire length of the shell ....... .19-5 mm. 

Length of the dorsal valve . . . . . , IS „ 

Entire breadth of the shell 23 „ 

Length of the hinge-line . . . . . . . 18 „ 

Thickness of both valve* .... . 9*6 „ 

Number of specimen* examined. — 2. 



go 
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Remark*. — Orthothetet Kraffti belongs to a group of forms which differs from 
the typical species of the genus by its short hinge-line. 

In L. 7. Loozy's descriptions of the carboniferous fauna of Teng-tian-cbing 
in the Chinese province of Kansu (Wissenschaftl. Ergebnisse der Reiso des Graf en 
B6la Saeohenyi in Ostasien III, Bd. IV., Abth. p. 86, Taf. I, figs. 25 -27) a shell has 
been figured under the designation of Orthothetet crentatria var. minor, which 
seems to ho most nearly allied to the present species. The only remarkable 
difference consists in tho extreme flatness of the dorsal valve. "Whether this valve 
is or is not provided with an area, cannot be made out from the illustration. 

Orthothetet eemiplanus, Waagen (Salt Range Fossils, Palceont. Inriica, ser. 
XIII, voL I, Produotus Limestone Foss., p. 608, PI. LV, figs. 1, 2), which agrees 
with the present species in genoral outlines, is easily distinguished from the latter 
by its perfectly flat dorsal valve. In this respect it approaches Loczy's Chinese 
species from the carboniferous rooks of Kansu. 

8piriferina cf. octoplicata var. fastigata, Sehellwicn, PI. Ill, fig. 11. 

1880. Spiriftrina crittat" t»t. fafigta, Sthallwlm. Die Fauna d«r TroikoiVlKhichtMi in d*n Karniagbti 
A>p« and d« Karawankrn, Abkaodl. K. K. Gaol. Rtkbi- Aoit., XVI, Bd., p. 66, Taf. XI. 
fig*. 1—3. 

There is only one incomplete ventral valve of a Spiri/erina present in A. von 
Krafft's collection. It might be attributed with nearly equal right to oither Spiri/er- 
ina octoplicata var. fattigata or to Spiri/erina Margarita var. cotuanguitiea, Gemm. 
It is chiefly on account of its strongly transverse shape that I prefer to identify it 
provisionally with the first-named species. It is provided with a very broad and 
angular sinus, which is more strongly produced towards the front than in any of my 
examples from the permian limestone of Chiticbun No. I. In the shape of the sinus 
it almost recalls Spiri/erina Pauderi, v. Mealier, from the upper carboniferous 
rocks of the Ural Mountains in which, however, the sinus is not angular, but flatly 
depressed or provided with a low elevation along its median line. 

Number of specimens examined. — 1. 



Spirifek Wynnei, "Waagen. 

1883. Sfirifrr Wynmri, Waa^m. Salt BaaR* Fofaila, Paleontologla Iodic*, «*r. XIII, »ol. I, Prodnrtoa 

Lim*»toB» Fo«it«, p. 617, PI. XMV, 6g>. 6. 7. 
1689. Spirtftr WfmH (f). Ta»b e nija«bew. Mom. Com. |<ol. 8t. Pftn»boorg. Ill, No. 4, p. 871, PL V. 

fig.. 7, 8. 

189T. Spirifir Wgnmei, Dinner P»l»ontolor» Indies, mt. XV, HiaxJajan Poaa., toI. I, pt. 8. The pmrm..- 

carb. bum of Chiliehu- S« I. p. 44, PI. VII, ftg». l—L 
1*99. 8pirif*r rituln., Hemnwll.to. U f»on» dei caleari con Fuaulina d.lla Tall, dal F. Somo, Faw. IV, pt, 1, 

p. 296. Taf. XXXVI. fi>. 1-6. 
1800. Bpir\fir Wftati, Scl.elUUm. Di. Faana der TrogWelwhichWa in i*t Karaiechan Alptn and d«a 

Kawrankrn. Abbandl. R. K. Geol. Raicha-Aoit. XVI, Bd., p. 75, Taf. X, figi. 6, 6. 

Of this species, one of tho leading fossils in the permian limestone of Chiticbun 
No. I, several examples have been found in A. v. Krafft's collections. They 
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agree i n every respect with my specimens from Chitichun No. I, though none of 
them reaches the large sue of the type illustrated on PI. VI, fig, 1. All my 
specimens exhibit the characteristic ornamentation, tho low median fold in the 
dorsal, and the high reclining area in the ventral, valve, which have been noticed by 
tVaagen as peculiar features in his Punjab examples. 

The sinus, which, as a rule, is rather broad and shallow, is divided off sharply 
from the lateral parts of tho ventral valve. It forms a triangular area, which 
increases considerably in width towards the front. This shape of the sinus is 
clearly developed both in the Alpine and Himalayan types of Sp. Wynne*, but 
is less distinctly marked in Waagen's types from tho Salt Kange. 

Prof. 8chellwien is disposed to unite with this species Spiri/er eicvlut, a name 
proposed by Gommellaro for his specimens from the pexmian Fusulina limestone of 
Sicily. Prof. Gemmellaro states that Sp. ticulue, although recalling Sp. Wynnei 
in the shape of its area and in its ornamentation, differs from it in its general 
outlines, in the shapo of its apex, sinus and median fold of the dorsal valve. From 
this view I am obliged to dissent. Gemmellaro's illustrations of Sp. ticvlut 
represent a type which agrees exactly with tho Himalayan variety of Sp. Wynnei. 
The oharacter of the sinus, especially, is absolutely identical in both species. I 
therefore fully agree with Schellwien and Freeh in their opinion that Spirtfer ticuitut 
must be placed among the synonyms of Sp. Wynnei. 

Number of tpeciment examined.— b. 



Spibifbb tibetanus, Diener. 

1897. Spiriftr tibttantu, Diener, The perflMKarbon. f»nn» of Chitichun No. 1, PaUroat. Iodic*, Mr. XV, 
Hiunkjan Foikilt, toL I, pt. 8, p. 46, PL VI, fim. 1—7. 

Of this characteristic species a single incomplete ventral valve has been met 
with in A. v. Krafft's collections. It is, however, sufficiently well preserved to 
permit of certain identification. 



Spibifbb fabcigeb, Kcysorling. 

1877. Spirtfer Jottigtr. K«j wling. WtnmnchafllieHc Beobaehtungen aaf tintr Rvin in dm Petuhori- 

l«nd, p. 281. T.f. VIII.fi* 3. 
186S. Spirtftr muiaiktyUnrit, D*Ttd»o. Quirt. Jonrn. Goal. Soo., XVIII, p. 28, P!. II. fig. 3. 

To tho list of synonyms given in pt. 2, p. 63, and pt. 4, p. 35, of the 
present volume the following ought to be added : — 

1888. 8pirir,rf<u*istr, Tubernj.iibow. Mem. Com. G&l. 9L Pitembonr?, xol III. No. 4, p. 368, PL T, 
8g.4. 

189S. 8piri/*r fiueigtr, Schellwien. Die F.ant, it* Kun\*hm Fuautiuakalkea, Fklaootognpbua, Bd. 

XXXIX, p. 43. T«f. V, fiw. 8, 8. 
1898. tjHtifirfa.ng", 8t«ck.«brr*. Him. Com. GeVJ. St. ViUnhomig, rot. XVI. No. 1. p. 342. 
1900. Spirifirfiucijv, 8*M\m«,. D» IW der Trogkofelicbkhteo in dm Kirni«h«m Alpon and den 

K.wwuik.n, Abluodl. K. K. OmL Reiche-Am* . Bd. XVI, p. 70, Tmf. X, figi. 1-4. 

When publishing my descriptions of Spirtfer mumkheyletuia in my monographs 
on * Himalayan Fossils", I expressed the opinion that Spiri/er mtimkheylensi: 
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Sp. fasiiger aud Hp. tegulatue ought to be considered as specifically different, 
not-withstanding Tschernyschew's and Schellwicn's statements to the contrary. 
Since tlien, thanks to the kindness of my distinguished friend Prof. Tschornyschew, 
I have had the opportunity of studying numerous specimens of Sp, faeciger, 
which belong to the beautiful collodions of the Russian Geological 8urvey in St. 
Petersburg. This examination convinocd me of the fact that Spirifer mwakheylensi* 
and Sp. tegulatue are not sufficiently distinct to be retained as separate species, but 
are all modifications of a single, very variable species, for which Count Keyserling's 
original name, Spirifer faeciger, must be retained. To this view, which lias been 
based on additional information obtained since concluding my memoir on the 
anthraoolithic fossils of Kashmir and Spiti (pt. 2 of the present volume), I have 
alluded in a subsequent memoir (Die Acquivalcnte dor Carbon und Permformation 
im Himalaya ", Sitzungsber. Kais. Akad. d. Wissonsch. Wien, math, nat., Gl. Bd. 
OVI, 1897, p. 449). 

In the porraian limestone of Chitichun No. I, Spirifer faeciger is exceedingly 
rare. One single incomplete example of this species, elsewhere a leading one in the 
permian rocks of the Himalayas, has been noticed. In the crag No. 9 near Malla 
8angcha Sp. faeciger is a little more richly represented. All the specimens collected 
by A. v. Krafft are of small size and provided with folds corresponding to the 
bundles of ribs, whioh are rounded, and not sharply edged. In none of them is the 
lamellose character of the striae of growth devolopod, the presence of which is the 
most important point of difference between Sp. fasciger and its American repre- 
sentative, Sp. cameratue, Morton. 

Much difference of opinion has been expressed as to the specific value of 
Spirifer camera tw and its allies, such as Sp. condor, d' Orb., and certainly some of 
the American types which have been illustrated by Hall and Clarke (Introduction to 
the Study of the Goncra of Fossil Braohiopoda, Palaeontology of New York, vol. 
VIII, pt. 2, 1891, PI XXXII, figs. 9—15) and by Bccdc (Variations of the ex- 
ternal appearance and internal characters of Spirifer cameratue, Kansas University 
Quarterly, 1898, voL VII, No. 2) so closely resemble the variety of Sp. faeciger 
without a lamollosc sculpture, that I should really be at a loss to distinguish 
them. But not having hitherto been able to examine personally a typical example 
of Spirifer cameratue, I cannot comment upon its specific claims. 

Number oftpecimem. examined. — S. 

Spirifer sp. ind. ox aff. Sp. M&rcoui, Waagon, PI. Ill, fig. 21. 

A single but complete ventral valve strongly recalls this Salt Range species, 
with which, however, it is certainly not identical 

The present valve is transvorsely elongated with rounded -off corners and almost 
equally curved in both directions. The hinge-lino is a little shorter than the greatest 
width of the shell. The area is broad, distinctly concave and provided with an 
equilateral, triangular fissure The apex is strongly attenuated and terminates in a 
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small and gracofully pointed beak. A sharply impressed sinus, originating in the 
apex, forms a triangular area, which increases considerably in width towards the 
front, where it is distinctly produced. It is separated from tho latoral parts of the 
Talve by obtusely ronnded edges, and is rounded at its base. 

The radial striatioq is much coarser than in Spirifer Wynne*. There are 
about twelve ribs within the sinus and 20 on each lateral part of the Talve. The 
ribs are mostly simple, very rarely dichotomous. No traces of fasciculi are noticed. 
The radiating sculpture is crossed by strong, imbricating stria} of growth in the 
Ticinity of the front-line. 

The measurements of this specimen are as follows : — 

Entire length of the shell 80 m ra. 

„ . breadth „ „ , 39 „ 

Thickness of the ventral valv« , . . . . 13 

Height of the area . j-5„ 

Loogtb oC the Iiioge-litie . . . . , . 86 „ 

This species is certainly nearly allied to a species from the Artinskian stage, 
which has been referred with some reserve to Spirifer Marcoui, Waagen, by Tschcr- 
nyschew (Mem. Com. geol. de la llutsic, St. P^tersbourg, 1889, vol. Ill, No. 4, p. 367, 
PI. V, fig. 5). Both species, being represented by ventral valves only, arc probably 
identical. They agree in all their characters of specific importance, namely, in tho 
presence of a high and concave area, in the graceful shape of the small beak, and in 
their triangular sinus, which is distinctly separated from the lateral portions, as in 
Sp. Wynnei, and not impressed in the middle. 

It is chiefly this shape of the sinus, which differs, in my Himalayan and in 
Tschernyschew's Artinskian specimen, from Waagen's Punjab types. In the latter 
the sinus is not marked ofF from the remainder of the shell, but very sharply 
impressed in the middle. Tho latter character is a little less distinctly developed in 
the example of Spirifer tlriatvs, Marcou (Geology of North America, Zurich, 1858, 
p. 49, PI. VII, figs. 2— 2a), which has been considered as tlie prototype of Sp. Mar- 
coni by Waagen. Spirifer Marcoui from Pecos village differs from the present 
specimen by its more closely arranged ribs find by its narrower sinus, which is 
less strongly expanded in tho vicinity of the front. 

A species which appears also to be closoly allied to the present one is Spirifer 
Logan*, Hall (Paleontology of Iowa, vol. I, pt 2, p. G47, PL XX, fig. 7; PI. XXI, 
figs. 1, 2), one of the American representatives of the group of Spirifer stria tut from 
the carboniferous Keokuk limestone of Illinois. Both species chieflv agreo in the 
presence of a " broad, mesial sinus, which in the middle of the shell occupies fully 
one-third of the width, sloping abruptly to the cardinal extremities, and extremely 
produced and elevated in front in a sub-triangular extension." The" pattern of or- 
. namentotion is also the same in both species, the ribs being coarser and fewer than in 
shells of Spirifer ftriatus of the same size. A closer comparison of my Hima- 
layan specimen with Sp. Logani is, however, not possible without the dorsal valve 
being available for examination, which in Sp. Logani is enormously inflated and 
provided with a very prominent and subangular mesial fold. 

■ I 
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Another species which agrees with my Himalayan specimen in the entire ab- 
sence of fasciculation of the ribs and in the presence of lainellose striae of growth 
is Spir\fer condor, d' Orbigny (Voyage dans 1* Amirique Mlridionale, T. Ill, pt IV, 
Paleontologic, Paris 1842, p. 46, PI. V, figs. 11—14), from the carboniferous rocks 
of Yarhichambi in Bolivia. It differs, however, from Sp. condor by its sharply 
rounded, but not attenuated, cardinal edges and by the peculiar shapo of its sinus 
which is considerably wider and strongly produced in the vicinity of the front 

From Spirifer siriatus, Mart., the present speoies is distinguished by its coarser 
ribs and by its lamellose sculpture. That it belongs to the group of Sp. ttriatut 
cannot be questioned, but its exact position within this group is as yet doubtful. 



Martixia acutomarginaus, Diener, PI. Ill, fig. 22. 

1*97. Martinia aeutamarginalii, Dimoi. The prnnooarb. fiun» of Chitifhnn No. I, Palwontiloyii Indict, 

wr. XV, Him.l.ymn Vet., rol. 1, pt. J, p. 65. PL VIII, figi. 3,4 
1899. Martini* Stmiramu. Uemm'lkio. U ham d>i eticui con Fo><liu d»H» Va!l« d«l P. Sotie, Pmo. 

IV.pt I, p-SlL Pl.XXXI,6 g ..8«-3«. 
1809. Martina ex aS. M. mm; Una. Semper. Heat. J.hrb. I. Miner., He., WW, I, p. 248, T»f. XVI, 

«*• »• 

Several specimens of Martinia, one of them perfectly well preserved, are refer- 
able to tliis characteristic and easily recognised spocies. They agree very wel] with 
the figures and description which have been given in my memoir on the fauna of 
Chitichun No. I. One example is of comparatively large size, measuring 17 mm. 
in length and 15 5 mm. in breadth. The other specimens aro considerably smaller. 
The measurements of a fairly complete one are as follows : — 

Entire length of the shell 11-5 mm. 

,, breadth „ „ „ . . . . » , 1T5 „ 

Length of the dorsal valve . . , . , , 9'5 „ 

» „ „ hinge-line ... . , , 6 „ 

Thioknens of both valve* . . . , . . 7-5 

Number of specimens examined. — 5. 

Remarks. — In 1399 Gemmcllaro described and figured a small Martinia from 
the permian Fusulina limestone of Sicily under the name of Martinia Semiramit. 
Freeh (Die Dyas, Lethsea palroozoica, II Bd., 3 Lfg., p. 501) places Jf. Semiramit 
among the synonyms of the present species, an opinion with which I entirely agrae. 
"When describing his Sicilian species, Gcmraellaro was probably not acquainted 
with my description of M. acutomarginali$ in my memoir on the permian fauna of 
Chitichun No. I. Otherwise he would not have failed to refer to the remarkable 
similarity of the two forms. If we compare the illustrations of my Himalayan speci- 
mens of M . acutomarginalis with the types of M. Semiramit, of whioh the woodcuts 
(figs. 32—34) in Gemmcllaro's memoir aro faithful representations, tho absence of 
distinctive features will be obvious. To me the two species appear absolutely indis- 
tinguishable. Nor have I been able to find out any characters of distinction 
between them from Prof. Gemmellaro's descriptions. 
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M. Semper (l.o., p. 253) is of opinion that M. Cornelia, Gommellaro (I.e., p. 314 
PI. XXXI, figs. 19 — 25), should also be placed among the synonyms of M. Semiramit. 
There is little doubt as to the intimate resemblance existing between the two shells. 
But not having had the opportunity of examining a series of both, I prefer for the 
present to let the question of their identity remain open. 

Martinia eleqans, Diener. 

1W7. Xartiuia tltgo*., Dinm. Th* pmnoewb. fan* of Cbitfcbun No. I, Patent. India, ~t. XV, 
Hlm.l.j.n P <"*«., toI. I. pt. ». p. 54. Pt. VIII. fig* 1. 1 j PI. IX. figs. 1, 8. 

1669. Vorti.i* DM&nei, GrmcwIUro. U flow <ki nkari *wi FomIIm dell* VdW del F. Scio. 
K«tc IV, PL I, p. 800, PI. XXX, Ct> 14—48. 

This large species, recalling the group 'of Martinia Warthi, Waag., by the 
development of little auricular expansions on both sides of the short hinge-line, is 
represented by a small number of ventral valves in A. v. Krafft's collections. One 
specimen has the surface of the shell partly preserved. Besides the numerous irre- 
gularly clustered granulations and impressions, which hare been noticed in the de- 
scription of the Ghitichun types, traces of very short and delicate spines are occasion- 
ally found. 

In 1890 Gemmellaro described and figured a large Martinia from the permian 
Fnsulina limestone of Sicily under the name of M. Dittefanoi. Ue states that his 
species, though being most intimately allied to M. elegant, seems to be distinguished 
from the Himalayan form by certain characters which preclude their identification. 
These characters are the following, according to Gemmellaro : " The Sicilian species is 
as a rule more elongate and compressed, the disproportion in the inflation of its two 
valves is less considerable. Its apical region is less strongly inflated and incurved, 
its hinge-line is shorter, measuring a little less than one-half of the entire breadth of 
the shell. Its surface is covored with the impressions of little spines, whereas it is 
supposed to be smooth in If. elegant." 

Apart from the fact that most of those characters are of so small importance 
as to be of little use for specific distinction, I cannot admit that in all the examples 
of Martinia elegant which have come under my observation the valves were 
more unequally vaulted, the beaks more strongly inflated and incurved and the 
hinge-lines longer than is the case in the types of M. Dittefanoi which have 
been illustrated by Gemmellaro. Prof. Gemmellaro, moreover, scorns to havo 
misunderstood my description of the surface of the shell in M. elegant. Otherwise 
he would certainly not call a shell smooth which in my description has been stated 
to be covered " with very numerous, irregularly clustered granulations and impres- 
sions, giving to the epidermis the appearance of shagreen." 

The distinctive characters of M. Dittefanoi have not, in my [opinion, been 
sufficiently established to warrant the adoption of that species as proposed by 
Gemmellaro. 

Prof. Freeh (Dio Dyas, Lcthoea palasozoica, Bd. II, 3 Lfg., p. 509) doubtfully 
refers Martinia acuminata, Gemmellaro (1. c, p. 308, Tav. XXXII, figs. 29—32) 
to the synonyms of M. elegant and of M. Dittefanoi. I feel, however, considerabla 
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uncertainty as to whether the present species should or should not be considered as 
B]x»mfically distinct from M. acuminata. Gemmellaro states that his types of M. 
acuminata are readily distinguished from examples of M. Diatefanoi of equal size 
by their more compressed shape, their more acute apical angle, their deeper musial 
sinus and by the- considerably- more obtuse angle in which the two valveB unite. 

M. acuminata seems indeed to be of a mere slender shape than M. elegant. 
Such being the case, I have preferred to follow those authors, who, while admitting 
the very close relationship between both species, hare still retained them a* 
separate. 

Number of tpecimens examined. 3. 

Maiitima cf. sejuplana, Waagcu. 

16S3. Martial* trmiplon*. Wuagan. Salt liaiig* Fowili. rVawnt. Indica, .rr. XIII, r,-\. J, Prydoctm 

Lim-ton, Fc., p. 58.3, P], XLIII, a* 1 
1897. JfaHinu itmifUna, Diemr. The petuioew'r,. faaua <l CiiitlcLun No. I, Pajeimt. InJIe», »ei. X V, 

Hiinalujau Fuu., vol. I, pt. S, p. S2, PI- VIII, fig 7. 

For further synonyms the latter memoir should be consulted. 

This small but characteristic species is represented in A. v. Krafft's collcctiou 
by a single fairly complete specimen, exhibiting a very remarkable disproportion in 
the depth of the two valves. It is' somewliat broader than my type-specimen from 
Chltiohun No. I, with which it completely agrees in the rest of its characters. 

Maetinia cf. kucvla, Rothpletz. 

Martini* nncul*. R«lhpletz, V>* Pcrm-Tri«i-oiid Ju.atonuation .uf Timor o»d Rttti, Pal-xmio- 

graphic*. 3Y> Bd, p. 80, PL IX. 6g,. 8-7. 
16*7. Martini* nucule, Di«i,«. TUt permocaik. fa»i»of Clutidioo N». I, Fatownt Iodic S«. XV, 

Himalayan Ft*., vol. I, 3, p. 60, PI VIII, figa. 5-6. 
1601. Martinia niuula, Eudrri*. OeUa «ine nutbrawlithiach. Fauna too BaJia Maadcni Id Klaiuw>wa, 

BeitriiKO mi Guol. u. P»!»out- 0«terr»ich-Ciigiirn», rtc, XIII BJ., p. 8a, T«f. VIII, fi^. 1. 

Two imperfect speoimens of a large Martinia may be referred doubtfully to this 
species, which is characterized by tho strongly inflated apical region and by the 
comparatively small, indistinctly defined area of its ventral valve. 

The peculiar character of tho area, which recalls M. contracta, Meek and 
"Worthen, is very well exhibited in one of my two specimens. Exactly below the 
partly broken-off apex a large triangular fissure is exposed. Those portions of the 
shell which border the margins of the deltidial fissure pass so gradually into the 
lateral parts of tho apical region, without any intervening ridges, that it is impossible 
to fix any definite borders to the area. 

From tho nearly allied Martinia contractu my specimens differ in the character 
of their frontal line, which, in the region of the sinus, ascends in a highly elevated, 
tongue-shaped curve. 

In neither of my specimens are the apices of the two valves entirely preserved. 
From the shape of tho portions still remaining, however, it is evident that they 
did not touch each other, as noticed by Bothpletz in his type-specimens from the 
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permian rocks of Timor. I hare not been able to observe this character in any of 
my specimens from Chitichun No. I, nor lias it been noticed by Endorie in his 
speoiraou of 3f. nuoula from the anthraoolithie rocks of Balia Maadon in Asia 
Minor. I consequently do not consider this character of the typos from Timor as a 
constant feature of specific value. 

Reticulars cf. lixeata, Martin. 

1897. Sttitularia <f. liiuata, l)i«ner. The perrooearbon. fanna of Chitiehim Nn. I, Palsonl. Iadtis. Mr. 
XIII. Hiraakrao Fo««., to!. 1, pt. 3, p. M. PI. IX, fig*. 5, «, H. 

This species, which is the most common of the subgenus Reticularia in the 
permian fauna of Chitichun No. I, is also represented in A. v. Krafft's collection. 
The supposed identity of this species with R. affinis, Gemmollaro, will require furtlier 
consideration. At present I can add nothing to what has been stated in the foregoing 
chapter of this momoir. 

Rbticularia of. pulcherrima, Gemmollaro. 

1899. Sttimlaria ptlchtrrimi, GrmowUtro. La f»una del oalcari tan Fanlina delta T»IU del F. Seiio 
Fax. IV, pt. I, p. 383, PI. XXXIV, £gi. 21—89. 

A single incomplete ventral valve is provisionally referred to this species. I can 
add nothing to what has already been said with reference to the examples of 
R. pulcherrima from the permian limestone of Chitichun No. I, in the foregoing 
chapter of this momoir. 

Rbtioularia (squahularia) of. Dienbri, Gommellaro (PI. Ill, fig. 20). 

1899. SjnamnUri* Xfrnlat*. GemmetUro. La fa< Q , d«i oalcari con tWtna <1*IU nlU, del P. Seal., 
Pmc. IV, pt. 1. p. 82«. Tar. XXXIII, SS-45. 

1899. fywurari* Di<*<ri. GemmolW M<Um, V . 327, Tav- XXXIV, fig,. 1-1. 

1900. Spiriflr (RrtituUria) Di*neri, Sabellwien. Die Fauna der Twk.IeUeUioltteii in den Karufetum Alptiv 

Tind den Karawaaken, AbJundL K. K. Gaol. Reichi-An.*., Bd. XVI, p. S5, T*f. XII, fig,. 9-17. 

A new gonus, Sqmmularia, has been introduced by Gemmollaro for those forms 
of Reticularia in whioh the ornamentation of the shell consists of concentric, un- 
dulating linos. Schellwien strongly objected to the generic inportanoe of this 
oharaoter. His objections are based on the studies of Davidson and Young, from 
whioh it is evident that tho peculiar sculpture of Squamularia is restricted to the 
uppermost layer of the shell and does not differ essentially from tho ornamentation • 
of a typical Reticularia. Not having been able to examine Alpine or Sicilian speci- 
mens of Squamularia, I cannot speak as to its generic claims from personal obser- 
vations. For the present, however, I prefer to follow in the path of Schellwien, 
in uniting Reticularia (Sqttamularia) rotundata with R. Diencri. 

Reticularia Dieneri, in the interpretation of Sohelhvien, is represented in A. 
v. Krafft's collection by a single, incomplete specimen. The apical and front ai 
regions have been partly broken off in both valves. Tho specimen is of strongly 
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inflated, slightly elongate shape, resembling most nearly the example from Neumarktl, 
illustrated on Plate XII, fig. 12, of 8chellwien's memoir, but of a little larger size. It 
is a cast with only a small portion of its shelly layer preserved. But this portion 
exhibits most clearly the ornamentation, which is considered by Gemmellaro as a 
character of generic importance. It consists of very distinctly marked, concentric 
strife of growth, describing undulating, zig-zag lines. 

My specimen is too incomplete to allow exact measurements to be given. 

Remark*.— Reticularia Lieneri has been quoted from the permian Fusulina 
limestone of Sicily by Gemmellaro, and from the permocarboniferous rocks of the 
Eastern Alps by Schellwien. 

8PIBIGERA (Athyris) Royssu, Leveille - . 

1896. Sfirifir d* Xoyuii, LorolW. M6m. &sr. g*ol. de Franc*, II, p. 39. PI. II, Hp. 18-»>. 

1897. Athyru Bejitii, Ltimer. The pennooarkon. fauna of Cliitiohon N». I. PaJaont. Iodic*, aer. XV, 

HiraaUjan fw,, to). I. pi. 9. p. SO, PL X, fi**- 1, 2, 8. «■ 
For a complete ll»t of avnonymi I refer the reader to tala memoir. 

This species, which is the commonest leading fossil in the permian limestone of 
Chitichun No. I, is represented by a single specimen in A. v. Krafft's collection. 
My specimen agrees most closely with the somewhat inflated variety which has 
been illustrated on Plate X, fig. 3, of my memoir on the Chitichun fauna. It is of 
nearly circular, but slightly pentagonal outlines, nearly as long as broad, and provided 
with a very flat frontal wave. 

The measurements of the specimen are as follows : — 

Entire leugth of the shell 2S mm. 

„ breadth „ ,, „ • . 30 „ 

Length of tbe dorsal valve ...... 20 5 „ 

i valves ...... 17*5 „ 



: : : : :Z 

I am still convinced of the correctness of my identification of the Himalayan 
shell with the carboniferous Spirigera Roymi. Quite a number of separate species 
have been fabricated by L. de Koninck from the varieties which were described as 
Spirigera Roytrii by Davidson. But even if the species is retained in the exceed* 
ingly narrow circumscription of L. de Koninck, the majority of forms from the 
Chitichun fauna must be referred to it. 

The type of Spirigera Royssii is represented in L. de Koninck's " Panne du 
calcaire carbonifere de la Belgique " (Annales du Mus£e d* hist. nnt. de Bruxelles, 
voL XIV, PI. XIX, figs. 19—23, 28, 29). It is characterized by two equally 
vaulted, comparatively flat valves, which arc united in a wavy frontal line, and by its 
somewhat transversely elongate shape. The differences between this type and some 
of mv Himalayan shells arc too small to justify a specific separation, notwithstand- 
ing L. de Koninck's statement that the true Sp. Royuii from the mountain 
limestone is distinct from all the shells collected from upper carboniferous and 
permian strata, which have been classed among its synonyms by the majority of 
palaeontologists. 
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Spirigkrblla Derbyi, Waagen, PI. Ill, fig. 1& 

Spirigertlla Dertyi, Waagen. 8*H Rung? FomIW, Palaont. Indies, nr. XIII, toI. I, Prodm-ms 
Llmeitese ?«•■, p. 45*, PI. XXXV, figi. 4—7, 9—13; PI. XXXVI, figa. 11—18; r». 
aruteflicata. p. 456, PI. XXXV, figs- 10, 11 ; PI. XXXVII, fig. II. 
Spirigerrlla Darby*, Dienor. Himalayan Fr*tp., FAlnxint- Indies, Mr. XV, toI. I, pt- 4. The p*rmUa 
foatiie of the Prodnrtne «h«N'n cf Cmrhwa'l And Kucnacvi, p. 46, PI. V, figa. 6, 8. 
1887. Sfirijmlla Derbyi, Diener. Ibidtm, »ol. I, pt. 8- The pennooarb. fanna, of Chttieban No. I, p. 68 
pL XI. tg. 4. 

There is a single specimen of this species in A. v. Krafft's collection. It 
agrees best with the examples from Kiunglung, which woro collected in the permian 
Product us shales by C. L. Griesbach, and especially with representatives of the 
T&r. acuieplicata, Waag. Its sums is produced towards the front into a tongue- 
shaped process, which causes the dorsal valve to ascend in a prominent though short 
and narrow fold. The beak of the ventral valve is firmly appressed to the apex of 
the opposite valve. This fact can be stated with full certainty notwithstanding slight 
injuries to the apical region. 

The measurements of this specimen are as follows : — 

Entire length of the shell 15 mm. 

„ breadth of the shell . . . . 1V5 „ 

Length of the dorsal valve . . 18 „ 

Thickness of both valves 8 5 „ 

Number of apeciment examined— 1. 



Entbxetbs Tschernyscheffi, Diener. 

1897. Enteiettt TnUnyduffl, Diener. Th« pormocarbon. tuna of Cliitichun Ho. I, Ptboontjlog^ Indie*, 
•»r. X v; Himalayan Poaaila, »oi I, pt 3. p. 67, PI. V, 6ga 7-10 (*>» fig. 11). 



Specimens of this species, -which is among the leading fossils of the permian fauna 
of Chitichun No. I, have also been obtained from the exotio block No. 9 in the neigh, 
bourhood of Sangcha Talla. As for their description I can add nothing to what has 
been stated in pp. 66—68 of the above memoir. 

A umber of tpecimem 



Enteletes of. blbgans, Gemmellaro, PI. Ill, fig. 19. 

1890. EntrU,, Oemmallaro. U Fauna del eeloari ooo Puiiliu daila Valle del P. Soeio. Few. IV, 

PI. I, p S77. Tav. XXIX, iga. 6-10. 

It is with some hesitation that I here introduce Enteletes elegant as a separate 
species, and in Uub respect I have followed Prof. Gemmellaro. He (L c., p. 306) 
considers my Enteletes Tschernyscheffi to he very nearly allied to, but not identical 
with, his S. elegant. E. Tschernyscheffi is said to differ from the latter species 
by larger dimensions, by a more strongly developed mesial sinus and fold, by its 
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longer ribi, which extend nearer to the apices in both valves, and by its less 
strongly inflated ventral valve. Prof. Freeh (Die Dyas, Lethtea palreozoica, Bd. II, 
8 Lfg., p. 509), on the contrary, believes E. TtchernyscheJJi and E. elegant to be 
identical. 

I must admit that I still find it very difficult to come to a decision on this point. 
There is among the specimens of Enteletet in A. v. Krafft's collection a solitary 
example, which is distinguished by its extremely inflated valves. The two valves 
are of nearly equal depth. This equivalve character of the shell seems to me the 
only one among the features of distinction enumerated by Gemmellaro on which a 
specific separation of E. elegant and E. Tachcmytcheffi might perhaps be based. All 
the remaining characters, such as tho development of the mesial sinus and fold, the 
length of plications, as well as the dimensions, are so variable in E. TachernyHcheffi, 
that no use can be made of them for a specific distinction from E. elegant. On the 
other hand, the presont specimen is more strongly inflated than any of the Sicilian 
examples which have been illustrated by Gemmellaro. Thus it might bo questioned 
whether it ought to be considered as a variety of E, elegant or to constitute a 
proper species. This point wQl require further consideration when more ample 
material has been obtained. 

The measurements of this solitary specimen, which is with man 
provisionally referred to E. degam, are as follows :— 

Entire length of the shell 16 mm. 

„ breadth of the shell 16 6 „ 

Length of the dorsal valve 14 „ 

» » « hingw-line .... 11 „ 

Thickness of both valves . 19 „ 

Height of the area of the smaller valve . . . . 2*5,, 



Uscrsraus tmorensis, Beyrich. 

1885. Bhgvckontlli fimjrfntit. b«yrick. Ueber eln* Kolikni»ii.f»ana von Timor, Abbandtgn. Kgl. 

Aked. d. Wlamiwk., Berlin, 1864, p. 78, Taf. I, fig. 10. 
1883. Uncimdtu Thwbaldi, Wft&gen. 8&It Rang* FoatUa, PaLooatologia Iadica, nr. XIII, vol. L Pro- 

daetai Ltmeiton* Fma., p, 486, PL XXX17, fig. 1- 
1603. Riynehovlla {Uneinnttu) Timtrrmuu, Rothplets- Di* Pmn.'Tria*-aad Jnraform. eef Timor uad 

Rotti, Palmmtograpbics, 80 Bd., p. 87, PI. X, fig. 6. 
1997- Oaciiutliw timmtuu, L. v. Loeij. Di» Wi«wn*oh»ftlich«n Ergabnuee d*r ReiM dn Graf en Br la 

Baathmji in Ortaxien, IIL Bd, 4. Abtb., p. 118. Tal. IV.. fig. 10. 

Several spooimens of this species have been recorded from the exotic block 
No. 9, Bouth-east of Tallah Eiogarh. I can add but little to what I have already 
said in my notes on the Chitichun fauna with reference to Uneinulut timoremis 
and its varieties, among which I do not class 77. jabiensis, Waagen. 

In one of my examples the ribs, although thinning out gradually, extend some 
way into the apical region, which is unfortunately partly broken off, thus recalling 
77. velifer, Gemmellaro, from the permian rocks of Sicily and Camiola. In all my 
specimens the median portion of the shells, corresponding to the mesial fold and 
sinus, is longer than the lateral parts. The number of ribs is extremely variable. 
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Id one of my specimens only nine ribs are found within the median portion of the 
Tentral valve, whereas in a second example the number of ribs in the same spaoe 
amounts to eighteen. 

Number of specimens examined.— 4* 



Unchtulds jabiensib, Waagen. 

1883. UncinU ut iabit+tit, W»»g«n. Salt Range Poaril*. Palatini. Iadioi. Mr. XI 1 1, vol. I, Prodndu 

Limwrtooe Foul, p. 437, PI. XXXIV, fig. 8. 
1900. Umeimuliu jabitntU, Q. t. Arth.bor. CMwr du Palmnoieam ia HoeluuTiwniaii nad Peruen, 

B«^g» tor Gaol. «. Paliooiit Owtar.-Dngnrot, •*», XII . p. 482. T»L XXII. 6g> I*. IS. 

Among A. Ton Krafft's collections from the exotic block No. 9, south-east 
of Talla Kiogarh, a specimen of Uneinulut has been recorded, which agrees in all its 
essential characters with the specimen of U. jabiewis described and illustrated 
previously in my notes on Walker's collections from the permian limestone of Chitiohun 
No. L 

It considerably exceeds the dimensions of the latter specimen, represented on 
PL II, fig. 5, of this memoir, but exhibits the same pentagonal outline and strongly 
compressed, inequivalve shape. The beak of the ventral valve has been slightly 
injured, otherwise this example is a fairly well preserved oast, with only vary few 
traces left of its shelly substance. The numerous and delicate ribs are restricted 
to the vicinity of the margins. 

The measurements of this specimen, whioh in its dimensions takes an inter - 
mediate position between Waajen's type-specimen from Jabi and the example from 
Chitiohun No. I, discovered by Walker, are as follows :— 

Entire length o! the •hell 14 mm. 

„ breadth of the shell . . 15 ,, 

Length of the dorsal valve ...... 12*5 „ 

Thickness of both valves . , . . . , 8 ,, 

Number of specimens examined.— 1. 



Rhynchonelxa sp. ind. ex aff. Rh. Hofmanni, Krotow, PI. Ill, fig. 12. 

Tho description given by Krotow (Geologisohe Forsohungen in den Gebieten 
von Tscherdyn und 88olikamssk, Mem. Com. Gobi. St. Petersbourg, 1888, voL VI, 
p. 422, Tab. I, figs. 31 — 33) of his Bhgnohonella Rofmanni from the upper carboni- 
ferous limestone of Eastern Russia runs as follows :— 

" A flat and very broad shell of triangular shape, with an apical angle of 105*. 
Tho valves are equally vaulted. The beak of the ventral valve is pointed and 
approximate to the apex of the opposite valve. The small deltidium is not distinctly 
visible. In the visceral part of the ventral valve a flat, median depression, rising in 
the middle of tho valve, extends to the front, gradually increasing in width. To this 
depression a small mesial elevation in the dorsal valve corresponds. Five to six 
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simple, radiating, acute ribs are counted within the mesial depression, three to four 
less prominent folds on each of the lateral parts. In advanced stages of growth the 
number of lateral ribs increases to six. In the vicinity of the beaks the lateral 
parte of both valves are smooth. To a length of 22 mm., a width of 30 mm. and a 
thickness of 11 mm. correspond." 

In his memoir on the Brachiopoda of the upper carboniferous rocks of the 
Ural and Timan, Prof. . Tschertvyschew proposes to publish the illustrations of 
a smaller variety with a less obtuse apical angle and of nearly equal length and 
breadth. 

It is to this— not yet described — small variety of Rhynchonella Hofmanni, that 
a species of Rhynohonella from the exotic block No. 9, south-east of Talla Kiogarh 
seems to be most nearly allied. The singlo but completely preserved specimen by 
which this species is represented, agrees with Eh. Hofmanni in the majority of its 
distinctive features, namely, in the' triangular shape, in the presence of two flat valves 
of equal depth, which are provided with a very low, triangular median impression 
and corresponding elevation, and in the character of the radiating ornamentation. 
Six ribs are counted within the mesial depression and five on each side of the lateral 
parts of the ventral valve. 

Froia Rh. Hofmanni my specimen chiefly differs by its acute apical angle, 
measuring 75° only, and by its ventral beak being a little more elevated above the 
apex of the dorsal valve, thus exhibiting a more distinctly developed deltidium. 
These differences are certainly sufficient to forbid an identification of the Himalayan 
specimen with Rh. Hofmanni. On the other hand, I do not wish to burden nomen- 
clature with a new specific name, which is based on a single though complete 
example only, being well aware of the fact that a satisfactory diagnosis of species of 
the genus Rhynchonella cannot be given without ample materials at hand for exam- 
ination. " It is always very hazardous to establish species from the inspection of a 
single specimen, and specially among so variable a group of shells as that of the 
Bhynchonellce." 1 

The measurements of the present specimen are as follows : — 

Entire length of the shell ...... 12*5 mm. 

breadth if tlio uliell ...... 11'6 

Length of the cloraal valve . . . . . . 11 ,, 

Thickness of hoth valve ft „ 

Apical angle of the ventral valve 75° 

Memaik$. — I know of no other species of Rhynchonella to which the present 
one might advantageously be compared. In its triangular shape and in the flatness 
of its valves it somewhat recalls Rh. trilatera, de Eon., but this remarkable carboni- 
ferous species is easily distinguished by the character of its beak, which, according 
to Davidson's description, is closely apprcsscd to the apex of the dorsal valve, and by 
the presence of a median groove in the ventral valve. 

.» Davideon, A moncgisf h of Eriti»h wboniftrout Bnthtopoda, p. ICS. 
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Camauo phobia Pubdoni, Davidson. 

\m, Camnropkoria PurJeni, Duidwiu Qnirt. Jooro. GeoL 8oe., London, to]. XVIII. p. 80, PI. II, 
«* *• 

For a complete list of synonyms I refer to my memoirs on the fauna of Chiti- 
chun No. I (Pt. 3 of this vol., p. 71) and on the Anthracolithic fossils of Kashmir 
and Spiti (Pt. 2, p. 79). 

A number of specimens from the exotic block No. 9 in the vicinity of 8angcha 
Tails are referable to this species, which is one of the commonest fossils in the 
permian limestone crag of Chitichun No. I. Two specimens are fairly well preserved, 
and agree very closely with the typical form from Chitichun No. I and from the Salt 
Range Productus limestone. Large examples with more numerous ribs, which 
might be referred to the var. gigantea, Diener, have not been noticed among A. von 
Krafft's materials. 

Number of specimens examined.—*. 

Hbmiptycuina. of. ik PLATA, Waagen., PI. HI, fig. 24. 

IBM. Hemiptyclino inflate. Wugra. Salt Baage FonU*, FslnMbtoloffi* India, «rr. XIII, toI. I, Products 

Limentooe Fouila, p. 378, PI. XXVII, ng«. 7-0. 
1887. Stmiplifehina in/tata, Di«wr. Th» pmnocuboo. f»un» of Chitidiun No. I, Himalayan Foaaili, 

ur. XV, vol. I. Pt. 8, p. 77. Fl. XII, fig. 8. 

No complete specimen of this species has come to my knowledge, but three 
fragmentary examples have been discovered among the fossil materials collected by 
A v. Krafft. I should have united them with Hemiptgchina injlata without the 
slightest hesitation, had not their unsatisfactory state of preservation prevented me 
from doing so. The most completely preserved specimen— that which has been 
figured— agrees very closely with my type-specimen from Chitichun No. I, especially 
so in the remarkable geniculation of the ventral valve. In a second example 
the frontal region, which has been entirely preserved, exhibits ton folds which do 
not, however, extend beyond the geniculation in the visceral portion of the valve. 

I must admit that the specific claims of M. fiinata are very uncertain. The 
numerous series of intermediate shapes by which H. inflate, H. sparsiplicata, 
Waagen, and R. himalayensis, Dav., are linked together, necessarily lead to the 
conclusion that they are all merely variations of a single species, for which the name 
B. himalayensi* ought to be retained. 

Number of specimens examined. — 3. 



Notothyri8 triplicata, Diener. 

1997. yototlyrii triptieaU. Diener. Tk* permocartwn. fauna (if Cliittchon No. I, PaWt India, XV, 
Himalayan KomO* »oL I. Ft 3. p. 78, PI. XIII. fig.. 1, 8. 

One single but entirely preserved example of this species, which is very numer- 
ously represented in the Chitichun fauna, has been discovered among A. von 
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Krafft's materials from the exotic block No. 9, south-east of Talla Kiogarh. It 
exactly agrees in shape and ornamentation with my typo-specimens from Chitichun 

No. I. - . . 

Notothtms mmmte u k a. n e a , Gemmellaro, PL III, fig. 14. 

im. BoHmUr* ^^X^ ^ . T „ XXVI. fig. 69. ^ *" 

In the first chapter of this memoir the discovery of this Sicilian species among 
the Chitichun fossils collected by Walker in 1899 has been recorded. In A. y. Krafft's 
collection this species is also represented by a single but perfectly preserved specimen. 
It is medium-sized, more atrongiy inflated than the Chitichun examples, hut other- 
wise agreeing with the latter in its elongate, posteriorly compressed shape, and 
especially in its sculpture. 

The triplicate frontal ware is very distinctly developed. A very short and low 
lateral fold accompanies the two prominent frontal folds of the ventral valve on each 
side. On the dorsal valve no lateral folds are noticed beyond the three prominent 
but short frontal folds. 

The measurements of this specimen are as follows :— 

Entire length of tbe ibell II mm. 

„ breadth „ „ „ . . . . 8 „ 

Length of the dorsal valve ...... 8'5 „ 

Tbkknesa of both valves ...... 7*5 „ 

i 

Number qf specimens examined.— 1. 



NoroTHYBis uiktjta, Waagen, PL HI, fig. 13. 

1882. hMotkyrit nntifn, Waageo. 8»h Hinge KuuiU, Pa!»ontdopi» India, w. XIU.toI. I, Pndootna 
Limcrtcw Foasilf, p. S86, PI. XXVIII, figt. 7. 8. 

This species has been described by Waagen as a representative of the group of 
Rotothyri* mbveticulari*, Dav., or 2/. Warthi, Waagen, from which it is easily dis- 
tinguished by its small size and by the character of its ornamentation. The mate- 
rials of this species in A. v. Krafft's collections arc rather scanty, but the specimens 
arc so satisfactorily preserved, that I think the determination can be made with 
sufficient accuracy. 

My specimens arc of small size, barely exceeding 10 mm. in length, and of a 
broadly lenticular shape. The ventral valve is considerably more strongly vaulted 
than the opposite one. In one of my examples it is regularly arched, in the second 
it exhibits a sort of indistinct geniculation, corresponding to the middle of the vis- 
ceral portion. The short beak is pierced by a moderately large foramen and bordered 
by a false area, which 1b not distinctly limited off from the remainder of the shell. 
The sculpture of the ventral valve consists of eight prominent and acute folds, two 
of them on the frontal and three on each of the lateral parts. They originate in the 
vicinity of the apical region, covering a little more than two-thirds of the entire 
length of the shell. To the two frontal folds, which are the most prominent, three 
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frontal folds correspond in the dorsal valve. Thus a distinctly triplicate wave is 
formed in the front-margin. Waagen especially remarks that the median part of 
the frontal region is distinctly depressed, and the median fold of the dorsal valve on a 
lower level than the two external ones. This peculiarity, in the illustration of which 
he has not succeeded according to his own statement, is very clearly exhibited in 
both of my specimens. 

The measurements of the two specimens are as follows : — 

I, ii. 

Entire length of the shell . . . 11 mm. 10 mm. 

„ breadth „ „ „ 10 „ 9 „ 

Length of the dorsal valve . . . 9 „ 8-5 „ 

Thickness of both valvea 9 , 8 „ 

Number of specimens examined.— 2. 

'Remarks. — Notothyrti minuta has been quoted by Waagen from the middle 
division of the Productus limestone of the Salt Range. 



Notothyris ovaiis, Gemmellaro, PI. Ill, fig. 16. 

li>H9. RvitnnUrit St mm»Uaro. La fauna ial calcari eon FuavUina dflla Talle del ¥. Sosio, IV, 

pto. I, p. MS, Tit. XXV, fig*. 88-41. 
1900. Nototkyrw nalit, SeheQwign. Dio Panne dor TVogkofebchkkton in Jra Kvni» han Alpan and dsn 

Ksnwankea, AW»odl. K. K. Owl. Bmeha-Auk, XVI. Bd., p. 10S. Tsf. XV, 6gs. 9—18. 

A single but very well preserved example exhibits the characteristic shape and 
sculpture of this species of Notothyris. It is especially Gemmellaro's type-Bpecimen 
illustrated in fig. 49 with which it agrees even in its minor details, only excepting 
, its smaller dimensions. 

My specimen is of an elongate outline with a truncated frontal margin. The 
two valves are of unequal depth, the ventral being the more strongly inflated. It 
is regularly arched longitudinally but very steeply inclined transversely along the 
lateral parts. 

The ventral valve is provided with four folds. The two central arc large, 
prominent, but not acute at their tops, and separated by a deep valley extending from 
the front into the apical region. The two lateral folds are very short and low. In 
the dorsal valve three folds are noticed, the median being shorter than the two 
lateral ones, which, however, do not extend so far into the apical region as in the 
opposite valve. The bordering valleys unite in front of the shorter median fold. 

Of the internal characters of the specimen nothing is known to me. 

The measurements of this specimen are as follows : — 



Entire length of the shell 7 mm 

» breadth „ „ „ . , . . 4*6 „ 

Length of the dorsal valve 6 , ; 

Thioknees of both valve* *•& » 



Number of sped metu examined.— 1. 
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Remark*. — Notothyria ovalia has been quoted from the permian Fusulina lime- 
stone of Sicily by Gemmellaro, and from the peraocarbonif erous strata of Neumarktl 
in Carniola by Schellwien. Schellwien hints that the species ought possibly to be 
united with Dielaama Tovlai, Schellwien, (Palasontographica, 89 Bd., p. 65, Taf. 
VIII., flg. 19) from the upper carboniferous Fusulina limestone of Carinthia. 
It seems, however, to differ from N. ovalia by its more broadly lenticular shape 
and by its deeply incised frontal margin. From N. nucleolus, Kutorga, from the 
upper carhoniferous Schwagerina limestone of the Ural Mountains our species is 
distinguished by its elongate outlines. 



Notothtbis of. Walkeri, Diener, PI. Ill, flg. 15. 

In my introduction of this new species in the first chapter of tho present 
memoir it was proposed to comple te its diagnosis by the description of an example 
from the exotic block No. 0, south-east of Talla Kiogarh, which may possibly belong 
to the group of Notothyria Walkeri, if this species is taken in wider circumscription. 

My example is referred to provisionally as N. of. Walter*, although it does not 
agree entirely with tho type-specimen from Chitichun No. I. But in my opinion 
the differences do not exceed the limits of individual variability, which must be 
admitted in shells of such variable shape as the representatives of the genus No- 
tothyria. These differences consist in the stronger development of the two lateral 
ridges, which run parallel to the median crest. Thus the helmet-shaped character 
of the transverse section is restricted to the apicul region, whereas in the highly 
arched profile of the visceral portion, the top of the helmet consists of three closely 
arranged crests of equal height. In this feature our specimen recalls N. triplicata. 

In the frontal line of the specimen from Chitichun No. I only very small mar- 
ginal indentations are noticed. In the present specimen these indentations arc much 
more distinctly developod. In their arrangement they exhibit the tendency peculiar 
to tho genus Notothyria to bend tho frontal lino in the direction of the ventral valve. 
The indentations corresponding to tho three crests of tho frontal part arc not 
situated on tho same level with those of tho lateral parte. The internal characters 
of the species being unknown, it is on account of this configuration of the frontal line 
that it may be safely attributed to the genus Notothyria, — not to Hemiptychino. 

The measurements of the present species are as follows : — 

Entire length of tlio shell . . . . .11 mm. 

., breadth ,, „ „ . . . 7 „ 

Length of the dorsal valve . . . . .8-6 „ 

Thickness of both valves 9 „ 

Number of specimens examined.— I. 

Remarks. — From the characters by which this specimen differs from my type 
of Notothyria Walkeri from Chitichun No. I, it is evident that the species is 
rather nearly related to N. triplicata, notwithstanding its peculiar shape, by which 
it is easily distinguished from all the remaining congeneric forms. 
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Poibbioobinus (?), sp. ind., PI. Ill, fig. 25. 



It is entirely provisionally that I attribute some fragments of stems in A. Ton 
Krafft's collections to the genus Poteriocrinne. I must explicitly remark that there 
is nothing from which I could deduce the presence of this genus in the fauna 
of the exotic block No. 9, in tho neighbourhood of Sangcha Talla, with any greater 
certainty than in the Chitichun limestone. 

The fragments which I consider as belonging to Poteriocrintu are of large 
use and of circular outlines. They consist of single joints only, which are rather low, 
their height measuring only a little more than one-fourth of their diameter. 

The oentral canal is of cylindrical shape with a circular outline. At a short 
distance from this central canal very numerous radiating cirrhi originate, which 
increase in number by bifurcation. 

The measurements of the figured joint are as follows :— 



Among the types of Entrochi which have been established by Rothpletz (i'ako- 
ontogmphica, 3'J Bd., p. 72) the presont joint belongs to the section of Bntrochi 
regulares and is most nearly allied to the type a, which is represented by the 
specimen from Baiu-duduk (Island of Timor) illustrated on PI. XIII, fig. 38a, 
of the abovo-qnotod memoir. From this joint my Himalayan example differs by 
its still greater height and by the slightly larger diameter of its central canal, also 
by the presence of a smooth zone bordering the latter. 

Among the joints illustrated by Waagen the specimen figured on PI. XCVI 
fig. 16, might be compared with this specimen but is distinguished by the smaller 
size and height of its single joints. 



The fauna of the exotic block No. 9 in the neighbourhood of Sangoha Talla is 
composed of the following species :— 



Diameter of the joint 
Height „ „ „ 
Diamoter of the oentral canal 



*5 mm. 

7 „ 



* „ 



FAUN I STIC AND STRATIGRAPHICAL RESULTS. 



Lambllibranchiata. 



1. Avieulopeeien of. lumelii, Salter. 

8. Lmopteri*, tp. ind. 

3. Lima tp. ind.aff. retifera, Shorn. 
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Gamsbofoda. 

4. Hadeoptii ikvreniit, Waagen. 

8. Bell«ropio» ip. ind. aff. polito, Waagen. 

6. Plenrotomaria (AfourUnia) imniea, nor. ip. 



•B BACHIOPODA. 

7. Product** Michi, Waagen. 

8. „ cAitiehuneutii, Diener. 

9. „ graiiotut, Waagen. 
In. „ cf. mongolicnt, Dion«r. 

11. „ of. vndatm, Defr. 

12. „ plauo-Aamilpiarinm, Netsoli. 

13. Margini/era typica, Waagea. 
1*. „ Mica, Abich. 

15. ScaecAtnella rp. ind. 

16. Lyttonia of. nobilil, Waagen. 

17. Ortkotheie$ Kraffti, nov. ip. 
IS. Spiriferina of. octcplieata \ta.fa*tigata, 

19. Spiri/er Wynne*, Waagen, 

20. „ tfA<rfa»«*, Diener. 

21. „ ftuciger, Keyaerl. 

22. „ ap. ind. ex aft". Mareovi, Wee £ mi. 
28. Martinia ac*iomargi*alit, Diener. 

24. „ elegant, Diener. 

25. „ cf. temiplano, Waagen. 

26. „ of. nueula, Rothplete. 

27. Bttiemkria of. lineata, Martin. 

28< ii ef. pvlehcrrima, Gemmell. 

20. „ (Sauamularia) of. Dieteri, Gemmell. 

80. Spirigtra (Miyrit) Royttii, LeveM. 

31. Spirigerella Derbyi, Waagen. 

82. BnteltUt Uchernytukeffi, Diener. 

S3. „ cf. elegant, Gemmell. 

34. Uncinnlut timorentie, Beyr. 

85. „ j adieu tit, Wuagen, 

86. Rhynckonella «p. ind. ex aff. Hofmanni, Krotow 
37. Camaropkoria Pnrdoni, DaT. 

88. Hemiptychina of. Waagen 

89. Nololkyru triplicate, Diener. 
40. 

>> mediUrranea, Gemmell. 

41. i, tninuia, Waagen. 

42. „ ovalii, Gemmell. 
48. „ of. Walieri, Diener. 
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Altogether 44 species, among which the Brachiopoda, numbering 87 species, 
by far predominate both in species and individuals, and comprise a little less than 
fire-sixths of the entire fauna. Leaving out of discussion those forms which do not 
admit of specific determination, there remain 37 species. Only two among them 
are new and have not been hitherto described. These species are :— 

Pleurotomaria &unux>. 
OrtAotlHet Krafffi. 

Of the remaining 35 species not less than 26— almost three-fourths — are identical 
with permian species from the Ghitichun limestone. This fact points very strongly 
in favour of a homotaxis of the fauna of the exotic block No. 9, south-east of 
Talla Kiogarh, with the fauna of Ohitichun No. I, or with that of the topmost beds 
of the middle Product us limestone of the Salt Range. 

The remaining fossils, which are identical with such as have been found in other 

regions, fully corroborate this conclusion. Such fossils are — 

1. Avieulopeeten of. iiemalii, Salt. 
Z. Naticoptit iAureutu, Waag. 

3. Product M of. undatut, Defr. 

4. „ pUno-hetmiifihcerium, NeUch. 

5. Margiuifera helica, Abtch. 

0. JietieuUria cf. Ditneri, Oemm. 

7. Buitletet ef. elegant, Oemm. 

8. Xotoikyrit minrnta, Waag. 

9. „ ovalit, Gemm. 

Among these nine species three are probably identical with permian forms 
from the Soeio limestone of Sicily, two with forms from the middle Productus 
limestone of the Salt Range. Aviculopecten hicmalit is a leading fossil of the 
permian Productus shales of Painkhanda. Product u» plano-h(Bminphsrium is 
quoted from the permian strata of Central Russia, Margiuifera helica from the 
permian Otoceras beds of Djulfa in Armenia. With these eight species, which, 
together with the elements of the Ghitichun fauna, impart to the present fauna a 
decidedly permian aspect, only a single carboniferous type, Productut cf. undatut, 
is associated. 

Thus the homotaxis of the fauna of tho exotic block No. 9, in the neighbourhood 
of Sangcha Talla, with tho faunae of Ghitichun No. I in the Himalayas, and of the 
upper limit of the middle Productus limestone in the Salt Range, appears to be 
established with as great certainty as could be desired. From the result of the 
present examination the correctness of the correlation given in A. v. Krafft's 
preliminary report is evident, although much less material was then available. 
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III.-FOSSILS FROM THE FRODTJCTUS SHALES OF THE LI88AR 

VALLEY (JOHAR). 

In the upper valleys of the Lissar ganga and Dharma ganga in Jobar the 
permian Productus shales have been most carefully studied by C. L. Griesbach 
(Geology of the Central Himalayas, Memoirs, Geological Survey of India, toI. XXIII, 
1891, pp. 172—178). The fossils collected by him were described by me in 
the fourth part of the present volume. The fauna was found to bo very rich in 
individuals, but rather poor in species. The following species of Brachiopoda have 
been recorded : — 

Ckonelet littarentit, Diener. 
Produetut »p. ind. 
Spirtfer Havana, Diener. 

„ fueiger, Keyserl. (=mv*oH<fieiuit, D»v.) 

„ jokaremit, Diener. 
Spirigtra Gerardi, Diener. 

In 1809 Mr. T. D. LaTouche was deputed to the upper Lissar valley and a 
large collection of fossils was made in the Productus shales from several localities 
chiefly from the slopes on the left bank of the valley, two miles south of the snowy 
peak Dharma No. XI, from the ridge between Lissar and Dharma valleys, opposite 
Kharsa glacier, and from the right side of the liambadhura north glacier. 

The fossils are, as a rule, badly preserved, and very difficult to extract from the 
exceedingly tough matrix. Brachiopoda by far predominate, both in number of 
species and individuals. Nevertheless the pakBontological examination of the fossils 
has yielded some interesting results, especially with regard to an exact stratigraphies! 
correlation with certain beds of the Kuling series of 8piti. 

GASTEROPODA. 
Plbueotomaria cf. PTJNJABiCA, "Waagen, PI. V, figs. 1, 2, 3. 

* 

18S0. Plettrvtomaria jmnjabiea, Wupii. S.lt Bange FcimJU, rM»ootolcgi» Indio. mt. XIII, vol. 1, 
Product™ Umortone Fo«, p. 115. PI. XI, fig.. 8, 4. 

Three incomplete casts of a Tlmrotomaria belonging to Sandberger's section of 
multicaritiata are probably identical with "Waagen's species from the Productus 
limestone of the Salt Range. My specimens are not sufficiently complete to allow a 
direct identification, but agree most closely with Pleurotomaria punjabica in all 
characters that can be recognised. 

All my specimens arc of somewhat larger size than Waagen's types, but 
otherwise of the Bame shape and sculpture. The depressed spire consists of only 
a small number of whorls, but their exact number cannot be ascertained, the 
apex having been broken off in all my specimens. The body-whorl is very much 
larger than the preceding ones, but neither its aperture nor its base have been 
entirely preserved. The presence of a moderately deep umbilicus can, however, be 
noticed. The profile of the body-whorl is not evenly rounded. It exhibits a regular 
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curre from the base to the middle of its height. Then follows a flattened zone 
between the median line of the profile and the slit-band, which is narrow, angular 
and bordered on each side by a sharp, slightly elevated ridge. From the slit-band to 
the suture of the anterior whorl in the spire the body-whorl describes a very flatly 
arched curve. 

In one of my specimens the shell has been partly preserved, and we thus 
get an idea of its ornamentation, which in casts consists of very indistinct spiral 
striae. The fragments of the shell, however, arc covered with numerous angular 
spiral ridges, which are intersected by a vory large number of delicate, transverse 
striae of growth. 

The measurements of the smallest of the three figured specimens are as 
follows :- 

Total length of the shell ca. 16 mm 

Greatest breadth of the shell . . . . . 17 ,, 

Height of the last volution ...... 9 „ 

Breadth of the body-whorl near the aperture . . 9 , , 

Locality : Number of specimens examined. — Slopes on left bank of Lissar 
valley, two miles south of Dharma XI : 3. 

Remarks. — In view of the poor state of preservation of my specimens I dare not 
enter into a discussion of the affinities of the present species to other congeneric 
forms. It may, however, be stated that this species must be considered as belonging 
to Pleurotomaria aensu stricto, even if the latter species is accepted in the narrow 
circumscription of L. de Koninck. 

Naticopsis sp. ind., PL IV, fig. 1. 

The fragmentary state of the only representative of this genus renders it abso- 
lutely unfit for a specific determination. The spire is well preserved, but base and 
aperture of the body-whorl have been entirely broken off. In dimensions, shape 
and character of ornamentation it is not unlike Naticqpsis minuta, Gemmellaro (La 
Fauna dei oalcari con Fusulina della Valle del f. Sosio, Fasc II, Palermo 1889, p. 136, 
Tav. XV, figs. 5, 6), or N. cadorica, Stache (Beitriige zur Kenntniss der Fauna der 
Bellerophonkalke Suedtirols, Jahrb. K. K. QooL lleichs-Anst., XXVII. Bd., 1877, 
p. 317, Taf. V, figs. 6, 8). Its surface is covered with very numerous and delicate 
striae of growth. 

Zocility : Number of specimens examined. — Near crest of ridge between 
Lissar and Dharma valleys, opposite Kharsa glacier : 1. 

Belleeophon sp. ind., PI. IV, fig. 2. 

This species is represented by an imperfect cast, with the larger portion of the 
body-whorl broken off. It is symmetrical, with regularly rounded inner whorls, but 
with an obtusely angular peripheral part in the body-whorl. The umbilicus seems 
to be rather wide, but from this character in the oast no conclusion can be drawn as 
to the shape of the umbilicus in the shell. 
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The specimen is too fragmentary to determine its relationship to other congeneric 
forms. 

Locality : Number of specimen* examined.— Slopes on left bank of Lissar valley. 
2 miles south of Dharma XI : 1. 



Choxetbs sp. ind. of. tjraxica, Mceller, PI. V, fig. 4. 

1802. Ckomttt uralita, Mo?ller. Th* mountain limettaae-forautian of th» Ural Rang* (in KuMi&n), Gornj 

Journal IT, p. 177. PJ. IX, fig. 1. 
18*0. CkoMt, vralie*, Nikitin. D»pAfei carbonifava et poJu artSaioia <Un. 1» ttgim d* Moaoou, Htm. Com. 

Qiol St. rcterebourg, vol. V, No. B, p. 61. M. II. figm. 6— B. 

In La Touche's collection this species is represented by two ventral valves, with 
their shelly layer preserved, bnt partly injured by weathering. They are very similar 
to Chonetes FUhmt, Salter, one of the leading fossils of the Produotus shales of Pain- 
kMada. 

In my memoir on the fauna of the Productus shales of Eumaon and Garhwil 
(Pt. 4 of the present volume, p. 14) I have alluded to the very close relationship of 
OA. Vishnu to the European Ch. uralica. Their distinctive characters arc 
obscured by the fact that in OA. Vishnu only fragmentary portions of the shell 
were available to me for observation, nearly all the examples from Kiunglung 
being internal casts. Nevertheless, I think the present species might bo distin- 
guished from OA. Vishnu by differences in the shape of the mesial sinus, which is 
not deeply incised, but of triangular ou tlines, widening considerably toward 
the front. This character has not been well shown by the draughtsman in the 
illustration. 

A second distinctive feature consists in the more regularly convex shape of the 
present specimens, both in longitudinal and transverse directions. In OA. Vithnu 
the ventral valve is strongly flattened in the vicinity of the lateral and frontal 
margins, and there is a distinctly denned demarcation between the more strongly 
curved visceral region and the flattened marginal portions of the shell In the pre- 
sent specimens the valve is more regularly and equally curved and not bordered by 
a flattened zone along the front and lateral margins. 

In one of my specimens obliquely directed tubes are indistinctly visible on the 
cardinal edges. 

The sculpture consists of very numerous and delicate radiating striro, which 
increase in number towards the front both by bifurcation and intercalation. The 
illustration is, unfortunately, not apt to convey a clear idea of this ornamentation. 

My specimens agree very nearly with OA. uralica among the European, and 
with OA. Flemingi, Norwood and Pratten (Notice of the genus Chonetes, as 
found in the Western States and Territories, Journ. Acad, of Nat. Sciences of Phila- 
delphia, III, 1855, p. 26, PI. II, flg. 5), among the American representatives of the 
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genus Chonetes ; Nikitin states that both species differ only in the internal charac- 
ters of their valves. I prefer to class my Himalayan specimens with Ch. uralica, 
since the correctness of the figures in Norwood's and Pratten's memoir is some- 
what doubtful 

The measurements of the figured specimen are as follows : — 

Entire length of the shell 9 mm. 

„ breadth ..... 13 „ 

Thickness of the ventral valve . . . . S-5 „ 

Locality : Number of specimens examined. — Near crest of ridge between Lissar 
and Dharma valleys, opposite Kharsa glacier : 2. 

Remarks. — In my memoir on the fauna of the permian Productus shales of 
Kumaon and Garhwdl <7A. Ferneuiliana, Norwood and Pratten, had been quoted 
among the nearest allies of Ch. Fishnu and OA. uralica. This species had, however, 
not been sufficiently illustrated, either by Norwood and Pratten (1. c, PI. II, fig. 6) 
or by Meek (Palaeontology of Eastern Nebraska in Meek and Hayden, Final Report 
of the U. 8. Gcol. Survey of Nebraska, 1872, PL I, fig. 10). The illustrations of 
Hall and Clarke (Paheontology of New York, vol. VIII, pt I, 1892, PL XVI, 
figs. 20, 21) dearly show that it belongs to a group of forms which differ consi- 
derably from my Himalayan species. The widely extended wings and the deeply in- 
cised angular sums make a distinction fairly easy. 



Productus cf. gangetictjs, Diener. 

1897. Proiuetut fangetieiu, Dinver. The permian fosaila of the Productiu tittle* of Enmaoo and Garhwfl. 
FalBontotoffia Indies, Mr. XV, Himalayan Poaaila, vol. I, pi. *, p. 83, PI. I, fig. 1 | PI. II, fig. 3. 

The cast of a very large dorsal valve is provisionally referred to this species, 
which had hitherto not been found outside the Productus shales of Kiunglung near 
the Niti Pass. My specimen is very similar to the oasts which have been illustrated 
in PL II, fig. 3, of my above-quoted memoir, but exceeds them considerably in its 
dimensions. 

The apical region is but very incompletely preserved. In its general shape 
this valve differs from my type-specimens by being flatly concave, as in P. Abichl, 
Waag. It is, howevor, provided with a broad and flat median fold only, no lateral 
folds being developed, as in P. Abichi. Tho frontal and lateral margins of the cast 
are separated from the trail by a very sharp geniculation. 

The sculpture of the cast consists of numerous coarse, club-shaped tubercles, 
whioh correspond to deep, elongated grooves in tho shell of the valve. 

Of the internal arrangement, whioh is the most distinctive feature of P. gan- 
geticus, the two diverging ridges, whioh form a continuation of the bipartite cardinal 
process, and the sharp median septum are partly exposed. The latter extends far 
into the visceral portion of tho valve. 

The length of this valve without the apex is about 60 mm., and corresponds to 
a width of 85 mm., being thus more than twioe as great as the measurements of my 
type-specimen from Kiunglung. 
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Locality : Number of specimens examined.— Slopes on left bank of Lissar 
▼alloy, 2 miles south of Dharma XI : 1. 

Productus sp. ind. (of. Purdoni, Lav. ?). 

An incotnpletofragmentof the internal cast of a ventral valvo recalls Productus 
Purdoni, Davidson (Quart. Journal Geol. 8oc, vol. XVIII, 1862, PI. 81, 1. LL 
fig. 5), but is too badly presorved to admit of specific < determination. It is men- 
tioned here on account of its very large size So far as we may judge from tho 
fragment, the complete specimen can barely have measured less than 90 mm. in 
length and 70 mm. in breadth. It was certainly considerably larger than the largest 
specimen of P. Purdoni illustrated by Waugen from the Productus limestone of 
Chidru. 

Locality : A'untber of specimens examined. — Slopes on left bank of the Lissar 
valley, 2 miles south of Dharma XI : 1. 

Mauginifera HiMALAYK.vsts, Dicner , PI. V, figs. 5, 6. 

1890. Morjintftra \mataytn*u, Dicner. ABthracolittuc FottiU of Kadimir »n<5 Spiti, PtlaoDtologui 
Indict, Nr. XIV, Him*Uj»n FoauU, vol. I, pt. 2, p. 39, PL II, fig*. 1—7 ; PI. VI, fig*. 1, 2. 

For a complete list of synonyms the reader is referred to the above memoir. 

This species, whioh is tho oommonest leading fossil in the Killing shales of 
Spiti, forms entire layors of shells, together with Spirifer Rajah, Salter, in the Pro- 
ductus shales of the Lissar valley. The specimens are embedded in rocks of exactly 
the same lithologioal character as in Spiti— dark, crumbling shales, rich in mica and 
with limestone partings. Their state of preservation is, as a rule, as indifferent as in 
the Ruling shales of Spiti. Fairly complete examples are exceedingly rare. 

In my description of this species both its variability and its olosc relationship to 
Margmifera typica, "Waag., have been stated. To the types figured on PL II and 
PI. VI of the second part of this volume, whioh are all represented in La Touche's 
collection, a new and remarkable one must be added. 

In the above memoir I have alluded to the presence of a small number of ex- 
amples from the Kuling shales of Muth, which were distinguished from the rest by a 
slightly more pronounced ornamentation of their ventral valves. Among the materials 
from the Productus shales of the Lissar valley a few specimens may bepickod out in 
whioh this form of sculpture is still more strongly developed. These specimens are 
covered with sharp radial ribs occasionally bifurcating and converging towards the 
deep, but comparatively narrow, mesial sinus. In their shape and scuipturo they 
strongly recall Productus gratiosus, Waagen. I should indeed be at a loss how to 
distinguish them had I to deal with only ventral valves in which the wings had been 
broken off. Tho character of the wings, however, is a good means of distinction ; 
they are very small, though distinctly defined, in P. gratiosus, whereas they are 
large, prominent and somewhat triangular in Marg'mtfera himalayensis. There is 
no difficulty in distinguishing a complete specimen of if. himalayensis from P. gra- 
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tiotus, the dorsal valve of the former species being characterised by ite strongly 
developed reticulation, which imparts to the casts of this valve an external similarity 
with small forms of P. semireticulatus. 

No intermediate types between this species and Marginifera typiea, Waagen 
have been noticed among the rich materials collected by Mr. La Touohe. 

The characteristic; feature of sub-generic importance in Marginifera, namely, the 
prominent, shelly ridge within the wings of the ventral valve and the internal ridges 
corresponding to the margin of the 'dorsal valve, are but rarely accessible to obser- 
vation. I have never seen them so distinctly developed as in some of my type-speci- 
mens from tho Ruling shales of Spiti and from tho corresponding bods in Kashmir. 

Locality : Number of specimens examined.— 81opes on left bank of Lissar 
valley, 2 miles south of Dharma XI, 26; right side of Bambadhura north glacier, near 
orossing, Lissar valley, 20 ; near orest of ridge between Dharma and Lissar valleys 
opposite Kharsa glacier, 36. 

> • i 

. Spirivbs uajaii, Salter, PI. IV, Figs. 3, 4, 5. 

1S05. Spirifer rajah, Salter. Palwratologj of Niti in the Northern Himalaya*, pp. 69, 111. 
1999. Spirifer rajak, Dieuer. Anthraoolilhio Poaaila of K«ihroir and Spiti, FatiBOotulugia Lad lea, XV, 
Himalayan Coaailt, toI. 1, p«. 2, p. 68. PI. IV, figs. 1—7, PI. V, rig. 1. 

For a complete list of synonyms the latter memoir should bo consulted. 

This beautiful species is very largely represented in La Touche's Himalayan 
collection. It has, as a rule, been found associated with Marginifera himalayensis. 

The variability of the species is very considerable. There are both broad. and 
narrow, thick and flat, forms present among my materials. The shape of 
the sinus varies to a great extent. In general it is broadly rounded at its base, 
but in one of my specimens (dg. 5) its latoral parts unite in a sharp edge. In one 
of tho largest individuals, which otherwise agrees perfectly with typical examplesjof 
Spirifer rajah (fig. 3), barely any trace of a median rib can bo observed in the 
bottom of the sinus. But this exceptional appearance cannot be taken as the 
normal condition of the species, and must bo regardod inorely as a malformation. 
In a second example (fig. 4) the median rib, which, in the remaining form, is 
thread-like and delicate, considerably increases in height and breadth towards 
the front, thus assuming the shapo of a rather prominent element of sculpture. 

All my specimens are ventral valves. 

Locality : Number of specimens examined.— Slopes on left bank of Lissar 
valley, 2 miles south of Dharma XI, Id ; ridge between Lissar and Dharma valleys 
opposite Kharsa glacier, 10 ; right side of Bambadhura north glacier, near crossing, 
Lissar valley, 4. 

Remarks. — Prof. Freeh (Ncucs Jahrb. L Mineral., 1902, I, p. 263) declares 
Spirjfer rajah to be barely distinguishable as a variety from Sp. Keilhatii, v. Buck 
Notwithstanding Prof. Freeh'* statement to the contrary, I can see no reason 
why they should not bo considered as different speoies, as they can be distinguished hy 
the Bhapo of their mesial fold in the dorsal valve. This fold is divided in the middle 
by a broad and shallow longitudinal depression or groove in Spirifer Keilhavii, but 
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becomes a sh trply rounded crest in Sp. rajah. It is of course only a matter of 
taste, whether or not saoh differences aro to be regarded as valid grounds for a 
speoifio or varietal separation, but, in my opinion, an author who is ready to ac* 
■oept Spirtfer Baoana as a proper species, as has been done by Prof. Freeh, is not 
justified in refuting a specific separation of 8p. rajah from Sp. KeUhavii. 



1897. Spirt* JftfWM. Dlowr. Permian FomSU of ttke Product a. thnle. of Kamaon and Ouiwi], 
PeWntologia Indka, ear. IV. Hlmabran Foaalla, toL I., pi. 4. p. 34, P). Ill, t ge. 1, 8. 

I BOS. Spirit* Swhj, Freeh. Ueber marine Djaa-Bnahlopodan so* Autraltan. ZritMbr. UmtMlu Uao. 
Cf, 1888, p. 180, Taf . IV. tip. 7, 8. 

An incomplete ventral valve is provisionally referred to this species, which is 
most nearly allied to Spirifer Marcoui, Waag. In its dimensions it is considerably 
inferior to my type-specimens from the Lissar Valley and from Kiunglung E. G. ; 
tho sinus is limited on both sides by obtuse ridges, but is too poorly preserved to 
allow tho character of its bottom to be dearly noticed. Indistinct, shallow folds 
are developed on each side of tho deeply impressed mesial sinus. 

Locality: Number of specimen* examined.— Slopes on left bank of Lissar 
valley, two miles south of Dharma XI : 1. 



This species is represented by a small number of typical examples in La Touoho's 
collection. The largest specimen somewhat exceeds in size my type from the 
Productus shales of Kiunglung £. G. (Ft. 4 of the present volume, Fl. V, 
fig. 1), but diffore from it in tho more strongly developed convexity of its folds, 
corresponding to the fasciculi of ribs. Tho lamellose character of the striae of 
growth is distinctly visible in all my specimens. 

I have nothing to add to the detailed description of the specimens from the 
Productus shales of Painkhanda, the Ruling shales of Spiti and the Zewan beds of 
Kashmir. 

Locality : Number of epeciment examined.— Slopes on left bank of Lissar 
Valley, 2 miles south of Dharma XI, 2 ; right Bide of Bambadhura north glacier, near 
crossing, Lissar Valley, 2. 



1897. Sr*r%ftr nUitiuu, Diener. The permits fauna of tfa* Prodootae eaalM of Knmaon and Qarhval. 

PaWitologia Indian, Mr. XV, Himalayan Pontile, rol. I, pt. 4, p. 41, Fl IV, &•;«. 4 4. 
1899. Sfiryftr nititntu. Dioner. Antiraoolithie Foaetlt of Knebmlr and Spit!, Palawntologia India, Mr. 

XV, Himalayan Foaeile,T«J. I, pt. 3, p. 45, PI. V, ig. 9. 

When introducing this species in 1897, only two specimens were available to 
me for examination. Recent observations, based upon the study of a large number 



Spirifer. of. Havana, Diener. 



8pirifbr PA3CIQBB, KeyBerling, 
(=8pirifbb MUSAKHBTLEN8IS, Davidson). 



Spirifkr nitiknsis, Dienor, PI. IV, figs. 6, 7. 
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of examples, hare oonrinoed me of the fact, that my type-specimens from Kium;- 
lung E. G., (near the Niti Pass) are extreme shapes, and that a more gradual passage 
exists between the more typical forms of Spirifer nitienaia and Sp. faaciger than 
bad been hitherto admitted. The shells composing this species present a vide range 
of external modifications of detail. Nevertheless the generality of specimens appear 
to me so distinct from Sp. faaciger, that I still feel justified in retaining them 
as a separate species. 

The characters of difference, to which a specific importance has been attributed 
in the above memoir, are the transversely fusiform shape and tho peculiar 
soulpture, consisting in the unequal strength of the ribs which compose tbe three 
fasciculi following immediately on either side of the sinus. 

The transversely fusiform shape, recalling Sp. oonvolutus, Phill., is very 
remarkable in the majority of my specimens, but not without exception. Between 
the type-specimen figured on PL IV of the fourth part of the present volume and the 
form illustrated on PL IV, fig. 6, of this memoir, intermediate shapes form a gradual 
passage. There are specimens of Sp. faaciger known to me, which in their 
general shape and outlines perfectly agree with this type of Sp. nitienaia. 

A remarkable character in the overwhelming majority of my specimens is the 
very broad area. In this respect my typo-specimen from Kiunglung is an excep- 
tion to the generality of examples, in which the area is as broad and markedly 
reolining as in the types from the Lissar Valley which have been illustrated in 
this memoir. None of my numerous examples of Sp. faaciger shows such a 
wide area. 

The sculpture is exceedingly variable. All my specimens are characterised by 
the presence of a largo number of fasciculi of ribs on each side of tho sinus. But 
the fasciculi themselves are very unequally developed in different specimens. In 
gome individuals dichotomous ribs aro entirely absent. In tho typioal form the 
central ribs of the three fasciculi, whioh follow immediately on either side of the 
sinus, are considerably broader and stronger than the rest, but this rule is subject 
to numerous exceptions. In those forms whioh recall Sp. faaciger by the very 
small difference in the strength of the single ribs composing the fasciouli, the 
coarser character of the ribs is a distinctive feature of importance. A broad median 
rib in the bottom of the sinus lias been noticed in all my specimens. The difference 
between the coarse and prominent cost to of the visceral portion of the shell 
and the delicate ornamentation of the wings is very romarkable. Tbe ribs aro 
never sharp but always rounded on the top, the more prominent ones oven flatly 
vaulted. 

In the majority of my specimens the strongly protracted sinus elevates the front* 
margin of the dorsal valve considerably above the general convexity of the latter. 
In the specimen illustrated on PL IV, fig. 7, the frontal wave is unusually large, 
the sinus projecting in a long, tongue-shaped process above the plane of the valve. 
The unequal strength of the ribs composing the narrow fasciculi, is clearly exhibited 
in that specimen, which is partly devoid of shelL 

t i 
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The measurements of the two figured specimens are as follows : — 





L 


. H. 


Entire length of the shell 


41 mm. 


43 mi 


Length of the dorsal valve 


33 „ 


36 „ 


Greatest breadth of the shell . 


. 89 „ 


85 „ 


Thickness of both valves 


• 27 


«8 „ 


Breadth of the area of the ventral valve 


12 ,. 


10 6 



Locality : Number of specimens examined,— Slopes on left bank of Lissar 
Valley, 2 miles south of Lharma XI, 10 ; near crest of ridge between Lissar and 
Dharnia Valleys, opposite Kharsa glacier, 2 ; right side of Bamladhura north glacier 
near crossing, Lissar Valloy, 1, 

Spibifer. bambadiiurensis, nov. sp., PI. IV, figs. 8, 9, 10. 

In the Productus shales of the Lissar Valley there occurs, besides Spirifer 
fasciger and Sp. nitiensis, a third species, which doubtless belongs to the group of 
Sp. fasciger but is distinguished from that species by its remarkable shape. 
Although represented by numerous examples, it is only imperfectly known to me, all 
the specimens available for examination being incomplete fragments. It is especially 
the regiou of the mesial sinus and of the front, which has not been preserved entire 
in any of my fragments. 

Externally, the species differs considerably from Sp. fasciger and its allies 
by its broadly expanded and obtusely rounded, unattenuated wings, and by the 
strong curvature of the ventral valve in the transverse direction. In this direction 
the profile of the valve describes a flatly concave curve, marking a deep depression 
between the visceral part of the valve and its wings. Just at the apex of the 
beak a narrow sinus takes its origin, limited on both sides by folds, which 
are composed of fasciculi of ribs, as in Sp. fasciger. The shapo of the sinus in the 
vicinity of the front is not known to me. The beak is prominent, small, pointed and 
very slightly incurved. It overlooks a very broad, strongly reclining area with an 
enormous triangular fissure in the middle. 

The respective positions of the two valves may be seen from the illustration in 
fig. 9 ft. A. more- complete fragment of a dorsal valve has been represented in fig. 
10. It must, however, be borne in mind, that the outlines of this fragment do not 
agree with the actual outlines of the complete specimen. There was probably no 
tongue-shaped process of tho mesial fold, projecting beyond the front-line, in the 
latter. So far as one can judge from the direction of the raised strije of growth, 
its outlines were most probably of a semi-oval or semi-circular shape, with the length 
and breadth nearly equal. 

The most striking feature of the dorsal valve is the very prominent mesial fold, 
which rises exactly at the very apex as a sharp crest and continues so for some 
distance but gradually flattens out towards the frontal region. This valve is also 
provided with a distinct and proportionately broad, instead of a linear, area. 

The ornamentation is nearly the same as in Sp. fasciger, Keyserl , but 
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the flatly rounded folds, each of whioh corresponds to a bundle of rounded ribs 
of equal strength, are restricted to the vicinity of the aiuus. On the lateral parts 
of the ventral valve the fasciculi of ribs are no longer arranged in flat folds, 
but are all disposed on the same level. In the majority of specimens the orect 
lamellose condition of the striffl of growth is as well exhibited as in most examples 
of Sp, fasciger. 

No measurements can be given on account of the fragmentary character of my 
specimens. But the species must have attained very large dimensions, the greatest 
breadth of the figured ventral ralve (fig. 8) being 104 mm., and 120 mm. in a second 
example. 

I should not have proposed a specific denomination for this new, and as yet im- 
perfectly known, representative of tho group of Spirifer fasciger were it not for its 
extraordinary shape. But the broadly expanded wings, the remarkable ourvature 
of the ventral valve and the very large reclining area are such striking characters, 
that they can well serve for a specific distinction from the congeneric forms. 

Locality : Number of specimens examined. — Bight side of Bambadhura north 
glacier, near crossing, 3 ; slopes on left bank of Lissar Valley, 2 miles south of 
Dharma XI, 3. 

Spieifbe JOHA.BBNSIS, Dicner, PI. V, fig. 12. 

1697. Spirifer jakaretttU, Diener. The permian f owli of the Prodnobu ih»let of Ram*on find Otrhiri], 
Ptlaaatoioft> Indie*, wr. XV. HinuUytn Pauili, vol. I. pt. 4, p. 43. PI. IV, fig. $. 

In my description of this new species it was suggested that it might probably 
hold an intermediate position between Spirifer convolutus, Phill., and Sp. niger, 
Waagen, and that an Australian species, which had been provisionally referred tn 
Sp. convolutus by Etheridge (Quart. Journ. Geol. Soo., 1872, vol. XXVIII, p. 335, 
PI. XVII, fig. 3), might be considered as about intermediate between Phillips' 
carboniferous species and Sp. joharensis. 

My opinion as to the correctness of placing Sp. joharensis in the group of Sp. 
convolutus has been somewhat modified by my recent examination of the materials 
collected by La Touohe in the Productus shales of the Lissar Valley. In typical 
forms of Sp. joharensis the sculpture of the dorsal valve consists of an elevated 
median fold, which, near the frontal margin, breaks up into four smaller folds, 
and of thick radial ribs on each side of the medial fold, each of which is accom- 
panied by intercalated smaller ones. Besides dorsal valves with this typical ornamen- 
tation, there is one specimen among my materials which in its sculpture indicates 
a gradual passage into Sp. nitiensis, the intercalated costae uniting with the main 
ribs in tho vicinity of the hinge-line and thus being arranged into narrow fasoiculi, 
the central being generally the most prominent. The high mesial fold retains its 
sharply rounded crest-shape from the apex to the frontal line, developing gradually 
minor ribs along its lateral parts. This sculpture differs considerably from that of 
Sp convolutus, and brings our species into much closer relationship with the group 
of Sp. fasciger, Keyserl. 
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A sculpture nearly approaching that of Sp. nitientit is also noticed in the frag- 
ment of a ventral valve which, from its general characters, must be referred to Sp. 
joharenti*. The remaining ventral valves agree perfectly with my type-specimen, 
which has been illustrated in the above-quoted memoir. 

The Australian Sp. conroluiut (?) from the Bowen river coalfield in 
Queensland, of which a new illustration has been given more recently by Jack and 
Etheridge (Geology and Palaeontology of Queensland and New Guinea, PI. X, figs. 
10, 11), is too poorly preserved to admit of closer comparison with Sp. joharenti*. 

Locality t Number of specimens examined. — Slopes on left bank of Lissar 
Valley, 2 miles south of Dharma XI, 4 ; near crest of ridge between Lissar and 
Dharma Valleys, opposite Kharsa glacier, 2. 

Spirigbra (Athtris) Gbrardi, Diener, PL V, figs. 10, 11. 

MT.AtlfrU Royii, Diner, ex fartt. The ptrrniu fan* of tho Prodoohn ihaln of Ramum »od 
Girhwil, Pttl«ooi. I»dk», ■«. XV, Himalayan Fo»., t©1. I.pt. 4. PI. V. fig. 5 (no* 1). 

ISM. Atlfru Gtrardi, Di*ner. AntbrMolitbio Foul I. of Kwhrnir and Spiti. Hidtm. toI. I, (A. J, p. 56, PI 
VI, fig.. 12-14. 

When publishing my description and figures of this interesting species, I ex- 
pressed a regret that the materials then at my command were rather scanty and 
barely sufficient for a complete diagnosis. Now a large number of well-preserved 
specimens has been found among La Touchc's collections from the Productus shales of 
the Lissar Valley. Their examination has corroborated the statements which were 
made in the above-quoted memoir. I am satisfied that I was correct in considering 
this species as new and distinct from the remaining generic forms on account of the 
remarkable inequality of its two valves, combined with an uncommonly large apical 
angle. By this combination of its two leading features it is at once distinguished 
frcm Spirigera Hoymana, Koy6crl., or from S. euberpanw, Waag. 

The inequality of the two valves is even more strongly marked than was 
anticipated in my first description of the species. It is a common character in all my 
specimens. Ventral valves are always exceedingly flat, barely vaulted at all except 
in the vicinity of the apex. Dorsal valves, on the contrary, are always moderately 
inflated, and as a rule three or four times as deep as the opposite ones. The valves 
are generally found separated from each other. I have, however, succeeded in dis- 
covering two examples with the valves still attached to each other. Both agree with 
the type-specimen fr< m Kiunglung (pt. 4 of this volume, PI. V, fig. 5 ft) in the 
respective depths of their valves. 

In one of my ventral valves traces of lateral lamelliform expansions, similar to 
those which adorn the valves of S. plcnosulcata, Phill., or S. lamellota, Lev., 
have been noticed. 

Where the shell has been entirely preserved, it exhibits a very distinct con- 
centric ornamentation, being covered with numerous and closely arranged, delicate, 
sharp, concentric ridges of unequal strength. In places where the uppermost 
Jayor of the shell has been destroyed, these ridges aro replaced by delicate lines of 
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growth, which are occasionally crossed by faintly marked radiating atria. On the 
casts the radiating sculpture is considerably more pronounced than the concentric 
ornamentation. 

Locality : Number of specimens examined. — Slopes on left bank of Lissar Valley, 
2 miles south of Dharma XI, 14 ; near crest of ridge between Lissar and Dharma 
Valleys, opposite Kharaa glacier, 4. 

Diklasma LaTouchei, nov. sp., PI. V, figs. 7, 8, 9. 

1897. ZW«M *p. i»d, Uinxr. Tfc. pwmki. WUof th» Prodoctot ( h.l M of Kuoton ud Gufa»il. 
Ptteontoloffi. India, mi. XV, Hin»U;*a foall., rol. I. pt. 4, p. 43, PI. Ill, fig. S. 

In the above moraoir the poorly preserved ventral valve of a Dielatma from 
the Productus shnlos of Kiunglung, E. G., was mentioned, and its similarity to 2). 
Hochttetleri, Toula, noticed. Abundant matorials having been obtained from La 
Touche's collection, the new species for which his name is propped, can now be 
definitely admitted. The majority of the specimens have been partly crushed and 
more or less deformed, but one specimen in particular was perfectly preserved. 
This specimen (fig. 7) will be considered as the prototype of the new species. 

My type-specimen is of nearly triangular outlines, with obtusely rounded 
angles and a semicircular, slightly emarginated front-line. It is elongated, flattened 
and provided with sharp margins. The greatest breadth occurs near the front. 

The ventral valve is flattened longitudinally, its arcuation being restricted 
to the apical region. In tho transverso direction its profile presents a triundate 
curve. In the middlo a broadly vaulted longitudinal ridge extends from the apex 
to the front, where it becomes gradually narrower and less distinct. This median 
ridge is accompanied on each side by a flatly arched excavation or depression which 
increases in width towards the front, where it corresponds to the two projecting 
lobes of the slightly biplicate front-line. Above these excavations or depressions 
the marginal regions of the valve are considerably elevated. In young specimens 
all thoso characters are but faintly developed. 

The boak is thick, short and very slightly incurvod, truncated by a very large 
foramen, which pierces the apex of the valve. On its lower aide a small delti- 
dium is distinctly doveloped. From both sides of the foramen sharp ridges originate, 
and desoend in a graceful curve towards the lateral parts of the valve, thus 
forming a narrow false area. 

The dorsal valve is nearly straight, barely vaulted at all in the longitudinal direc- 
tion, and indistinctly biplicate. Each lobe in the front-margin corresponds to a 
flatly rounded fold which rises in the vicinity of the apex. Between these folds a 
broad valley or depression is included. In the majority of examples the folds and 
intervening valley or groove are faintly developed, but never more distinctly than 
in my type-specimen. 

Both valves are covered with numerous stria) of growth, whioh are, however, 
nevar very conspicuous. 



112 



HIMALAYAN FOSSILS. 



The measurements of my type-specimen are as follows : — 

Entire length of the (hell 48 ram. 

j, braulth „„..•«..»• 42 
Length of the dorsal valve . . . . . 44 „ 
Thickness of both valve* 13-5 „ 

My largest example has a length of 61 mm. 

Of internal characters, the presence of two dental plates in the ventral, and of n 
strong median septum in the dorsal, valve has been stated. 

In the specimen illustrated in fig. 9 the striated muscular platform of the dorsal 
valve is partly exposed. It agrees almost perfectly with the illustration givon by 
Hall and Clarke on PI. LXXXI, fig. 37, of their Introduction to the genera of 
Palaeozoic Brachiopoda (Palaeontology of New York, vol. VIII, 1894). 

Locality : Number of specimens examined.— Slopes on left bank of Lissar 
Valley, 2 miles south of Dharma XI : 18. 

Remarks. — In my memoir on tho fauna of tho Froductus shales of Xumaon and 
Garhwal the similarity of this species to Dielasma Hochstetteri, Tonla, (Ueber einige 
Fossilien des Kohlenkalkcs von Bolivia, Sitzungsber. Kais. Akad. d. Wiss. Wien, 
186t>, LIX, fig. 1) from the coal-measures of Cochabamba has been noticed. The 
examination of a largo number of full-grown individuals has, however, convinced 
me that the similarity of the two species is onlv comparatively slight. Both agree 
in the presence of elevated marginal regions in the ventral valve, but in D. 
HochsteUeri the ventral valve is provided neither with a mesial ridge nor with an 
emarginated front-line, nor has it the triangular shapo of D. La Touchei. 

There is, however, a Russian species which seems to be more nearly allied to the 
present one than D. Bachstetteri. This is D. uralicum, Krotow, (the Artinskian 
stage, Mem. Soc. of Naturalists, Imper. University of Kasan, vol. XIII, pt. 0, 
1886, p. 287, and Mem. Comite" geol. St. Petersbourg, 1888, vol, VI, p. 429, PI I, 
figs. 83 — 36) from tho upper carboniferous limestone of Tseherdyn-Seolikamssk and 
from the Artinskian beds of Eastern Russia. Erotow's species agrees with D. La 
Touchei in the triangular shapo, in the presence of elevated margins and of a 
mesial ridge in the ventral valve, and of a corresponding depression in tho opposite 
valve- They differ in the following characters : Dielasma uralicum is considerably 
•mailer and more strongly inflated. Tho mesial ridge in the ventral valve is very 
broad and high and causes the front-margin to ascend in a tongue-shaped process. 

If we aocopt tho classification of Dielasma proposed by "VVaagen, we find the 
present species uniting the characters of the two groups of the D. truncatum, 
Waagen, and of D. biplex, Waag. Among tho group of D. truncatum, D. itaitubense, 
Derby (Bulletin Cornell University, Ithaca, 1874, vol. I, No. 2, p. 1, PL II, figs. 1, ' 
3, 8, 10; PI. Ill, fig. 2-1; PI. VI, fig. 15), resembles it closely in the curvature 
of the valves and in the presence of sharp margins, originating at the apical foramen 
and limiting off a distinct false area. With the group of D. biplex it has the 
biplicatc character of the shell in common. Among the representatives of this group 
it recalls D. pmblematicum by the development of a mesial ridge which is bordered 
by an excavated depression on each side. 
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Prom all the congeneric species of the Salt Range Product us limestone D. La 
Touchei is easily distinguished by its triangular shape ; the coincidence of the 
greatost broadth of the sholl with the angles of the front and lateral margins is also 
a good feature of distinction. 

CONCLUSIONS. 

The fauna of the Produotus shales of the Lissar Valley, as contained in the 
materials collected by La Touche, comprises the following spocies :— 

rieurotomaria cf punjabiea, Waag. 
JiatitopHt, gp. ind. 
Belleropkim, *p. ind. 
CkottfUt cf. mratira, Mcrller. 
Productui cf . gangetietu, Dien. 

„ »p. aff. Purdoai, Dav. 
Morginifera kimahftniU, Dien. 
Sjtiri/tr rajah. Salt. 

„ of. Havana, Dion. 

„ fatcigtr, K«ymrl. 

„ niticntU, Dien. 

„ bambadkuremu, nov ap. 

„ jokarentU, Dian. 
Spirigera (Alkfru) Gtrardi, Dieo. 
DUlatma La Tonekti, hot. ap. 

Although the number of species— amounting to 15, of which 12 are specifically 
determinable— is considerably larger than that of the forms which wero known to 
me in 1897 from Qriesbaoh's collection, very little is added to our knowledge of the 
strati graphical character of the fauna of the permian Productus shales of Kumaon. 

• One of the most interesting facts is the discovery of rocks which are full of 
fossil remains of Marginifera himaJayemu, Dien., and Spirtfer rajah, Salt. Rocks 
of an identical lithological character and with the same association of species are 
common in the Ruling shales of Spiti, where they have been recorded in Part 2 of this 
volume from Ruling, Muth and Lilang, but had as yet not been known to occur in 
Kumaon and Qarhwal. Their occurrence is a strong argument in favour of a corre- 
lation of the Ruling and Produotus shales, if any more arguments should be needed 
in addition to those based on an examination of the stratigraphioal condition of both 
rock-groups. 

The result of my examination of La Touche's collection is a good illustration of 
the fact that the Brachiopoda of the Produotus shales are not distributed indiscri- 
minately throughout this formation, but that soma forms seem to have only a very 
limited local range. 

In Part 4 of this volume (p. 4) I have alluded to the absence of Produeltu 
eanerini/ornuB, Tschera., and Spirigerella Derbyi, Waag., in the Productus shales of 
the Lissar Valley, whereas these two species are exceedingly common in the same 
beds <>f the Niti area. Hie total absence of Chonetes litgarensis, Dien., in La 
Touche's collectbn is still more striking. In Gricsbach's collections from a locality 

* 
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south of Dharma XI, which cannot be far from the place visited by La Toucbe, 
several slabs of rock were made up entirely by the costs of this shell. Of this, the 
commonest leading fossil in Gricsbaoh's collection, not a single specimen was found 
in La Touche's collection, which, on the other hand, contained an enormous 
number of Marginifera himalayentii and of Spirifer rajah, Salt., which were both 
absent from the materials available to me in 1897. 

The cbaraoter of this fauna is as peculiar as that of the typical Productus shales 
in the Niti area of Fainkhanda. Out of 12 species, which have been specifically 
determined, 9 are autochthonous and have not hitherto been found outside the Hima- 
layas. Of the three remaining species, Spirifer fatciger is ubiquitous and ranges 
from upper carboniferous into permian strata, Chonete* uralica is quoted from upper 
carboniferous and Artinskian deposits, and Pleurotomaria pvnjabica is met with in 
all divisions of the Salt Range Productus limestone. 

IV.— FOSSILS FROM THE PERMIAN PRODUCTUS 8HALES OF BYANS. 

During the hot season of 1899 Mr. F. H. Smith was deputed to Byans and the 
Kuti-Yangti Valley. Collections wore mado by bim in the Productus shales nf 
Kihal, Kaua Malla, Kalapani and Lilinthi. The state of preservation of the fossils 
is rather poor, t he following species have been determined :— 



Rock-specimens from a calcareous hand in the Productus sbales below Peak 
18,944 above Nihal wore found to be full of shells of Chonete* transitwnw, Krotow, 



Aihal. 



Tleurotomaria, »p. ind. 



ProJvetu* eancri n ifvrmit, Tscharn. 
Marginifera himalajentit, Dien. 



Chonetet liuarentie, Dion. 
Spirifer fateigtr, Kevtcrl. 
,, cf. Havana, Dien. 




Marginifera himalayentit, Dien. 
JJielatma cf. La Touch ti, Dien. 



Kalapani. 



Goniomya, ap. ind. 

Lieiea pp. ind. ox aff. L. Bantmanni, Gcldf. 
Pnvluelut of. Purdoni. D»r. 
Marginifera hinmlajeMti, Dien. 



Ckonetet littarentit, Dion. 
Spirifer fategtr, KeyserL 



„ rajah, S»ltiT. 
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Lilinthi. 

Hgattocera* nor. up. ex aff. H Cummin ti, White. 

Adrianittt {Ilof manaia) , gp. ind. 

Gatlrieeerat, sp. iod. ex aff. G. Marianum, Vera. 

Peritytlu*. Bp. ind. 

ZilinlAictrai, mind. 

Braneoeerat ip. ind. 

Nontiittoctrol Smitiii t no v. sp. 

M^ryinifera kimalayintii, Dion. 

Spirifer fateigtr, Keyterl. 

Spiriyera of. Gerardi, Dien. 

The most interesting result of my examination of Mr. Smith's Himalayan 
collection is the discovery of a permian fauna of ammonites in the Productus shales 
of Lilinthi. This fauna was chiselled out from a few slabs of rock and consists 
of only very small specimens. Notwithstanding the scarcity of materials available 
for examination, seven genera have been rocorded. But it is to be regretted that no 
more complcto list of this fauna can be given, a larger collection of fossils from the 
cephalopoda-bearing bods of Lilinthi being most desirable. 

The following pages contain a description of the fossils collected by Mr. P. H. 
Smith in the Productus shales of Byans. 



CEPHALOPODA. 

Htattocebas nov. sp. ex aff. H. CuMittHSl, White, PI. V, fig. 20. 

The genus Hyattocerat was proposed in 1887 by Gcmmellaro (La Fauna dei 
calcari con Fusulina dclla valle del F. Sosio, Fasc. I, p. 14) for a small number of 
species of Arcettidce from the permian Fusulina limestone of Sicily which, although 
agreeing with the triassic genus Arcentes in their general sliape, differ from the 
latter by the peculiar character of their sutural line. 

In 1869 an ammonite from the permian rocks of Baylor and Archer counties 
in Northern Texas was described as Ptychitei Cumminsi by Ch. White (American 
Naturalist, 1889, vol. XXIII, p. 117, PI. I, figs. 1—8). In 1801, Prof. White 
(The Texan permian and its mesozoic types of fossils, Bull., U. S. Geol. Surrey, 
No. 77, Washington, 1891, p. 20, PI, I, figs. 4 — 8) transferred this species to Ocmmel- 
laro's new genus Waagenocerat, emphasizing its close relationship with W. Stachei 
from the permian rocks of Sicily. In his memoir on the geological results of the 
examination of the Salt Range Fossils from the Productus limestone, Prof. Waagen 
(L c, p. 203) takes an entirely difTerent view of the systematic position of Ammo- 
nite! Cumminti. " It can only be compared," he says, " to the Jlyattoceraa of 
Sicily, but deviates from the Italian species of the genus by a remarkably strongly 
developed lower lateral ramus of the siphonal lobe." 
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I prefer to follow the view adopted by Waagen. The Sicilian species included 
in the genus Hyattoceras by Gemmellaro are all, it is true, provided with involute 
whorls and with a very small umbilicus, whereas in Ammonites Cumminsi the 
whorls " are so deeply embracing as to form small, narrow umbilici, which show a 
small portion of each of tho inner volutions " (White). Thus in general shape and 
involution tho American species more strongly recalls the genus Waagenoceras 
than Hyattoceras, but, on the other hand, the arrangement of its sutural line per- 
emptorily forbids its being placed among the representatives of Waagenoceras. 

The configuration of the sutures being tbc most important character for a dis- 
tinction in doubtful cases, there is no question regarding the intimate affinity of 
Ammonites Cumminsi to Hyattoceras. In view of the tendency prevailing among 
modern paleontologists, in favour of a narrower circumscription of single species 
and genera, it might perhaps be desirable to consider this species as the prototype 
of a proper sub-genus, differing from Hyattoceras by its less involute whorls and 
by the presence of an open, funnel-shaped umbilicus. It appears to me, however, 
that a sub-generic distinction on the strength of such characters of detail is not 
sufficiently justified, and I consequently cannot plead for a separation of Ammonites 
Cumminsi from the genus Hyattoceras. 

The name Hyattoceras has been changed into HyattiUs by Freeh (Die Dyas. 
Lothsea palse ozoica II, S Abth., p. 478). There is no reason to follow this pro- 
cedure, which is in contradiction to the rules of pahcontological nomenclature. 

To the group of Hyattoceras Cumminsi belongs a new species from the Ruling 
shales of Lilinthi. The ouly specimen available for description is of very small size, 
but nevertheless provided with a considerable part of its body-chamber, which 
exceeds one-half of the last volution in length. The shell is strongly inflated, with 
Blowly increasing whorls, which do not overlap each other completely, as in the 
Italian species of Hyattoceras, but leave the inner volutions partly exposed within 
the moderately large and deep umbilicus. 

The transverse section is cord if or m. The largest transverse diameter is equal 
to the height of the volution and nearly coincides with the umbilical margin. The 
umbilical margin is regularly rounded, the lateral parts being bent in a graceful 
and very regular curve towards the umbilical suture. The siphonal area is equally 
rounded and passes gradually into the lateral parts, without forming an edge. 

Dimensions : — 

Diameter of the shell 7 mm. 

I B ,, 



H « ; e* loftb.i«tToiutio n . . I 3 ' 8 " 

Thieki»..J U 

Sutures, — Tho most remarkable character of this species is it« sutural line. 
Besides the siphonal lobe there are three lobes and four saddles visible, before the 
suture reaches the umbilicus, towards which they gradually decrease in sizo and 
complexity. Although preserving the general arrangement of the sutural elements 
peculiar to Ilyattoceras, the lobe-line differs from all the hitherto known species of 
this genus in its minor details. The most conspicuous character in H Cumminsi is 



Digitized by Google 



PRODUCT08 8 HALES, BYAN8. 



117 



the development of a very large and deep siphonal lobe with a high median pro- 
minence. In the present species (he siphonal .lobe is rather short, less deep than the 
priueipal lateral lobe, and, provided with a small median prominence only. It agrees, 
however, with the American species in the development of a lateral branch in the 
external border of the siphonal saddle. The lateral lobes are tripartite at their base. 
Their ramifications are asymmetrically arranged along their marginal walls. 

The saddles are more slender than in H. Cumminri and provided with few but 
deep incisions of a phylloid shape. The phylla next in height to the terminal 
phyllum in each of the 1 literal saddles are situated on the umbilical side of the 
marginal walls, whereas in the siphonal saddle the phylla on the external border are 
the highest 

The auxiliary series consists of one lobe and saddle only. This is a smaller 
number of auxiliary elements than in any of the hitherto described species of Byatto* 
cera$, owing probably to the insignificant size of the Himalayan specimen. 

Locality : dumber of specimen* examined. — Ono mile north-west of Tiilinrhi : L 

Adbianites (Hoffmann i a), sp. ind., PI. V, fig. 2C. 

A single, tolerably well-presorved specimen from the Kuling shales of Lilinthi, 
seems to belong to this genus. It is of very small dimensions and consists of air- 
chambers only. The septa do not stand very closo together. It may consequently 
be suggested that the full-grown individual exceeded tho present, fragment consider- 
ably in size. 

Among the species of AdrianUet described by Gemraellaro from the permian 
Fusulina limestone of Sicily, this specimen most nearly resembles Adriamtet 
Hoffmann*, Getnmellaro (La fauna dei caloari oon Fusulina della valle del F. Sosio, 
p. 49, Tav. VII, figs. 1—5). There is a striking similarity in the system of sculp- 
ture, which in A. Iloffnanni differs remarkably from the ornamentation observed in 
the remaining congeneric species. 

In its general shape ray Himalayan specimen differs from A. Hoffmanni by its 
more involute whorls, which increase more rapidly in width and height. The Sici- 
lian species has the umbilicus much wider and more open, and is more discoidal. The 
whorls are strongly inflated, and have an almost oircular cross-section. The last 
volution embraces not more than one-fifth of the preceding ono. As many as three 
volutions are known. Tho lateral parts are regularly arched and pass into the 
strongly curved siphonal area and umbilical shoulders without any distinct demarca- 
tion, whereas in A. Hoffmanni the siphonal a-id lateral parts of the shell are 
separated by a rounded marginal border. 

The sculpture consists of numerous radial ribs which are rounded above and 
perfectly straight They rise exactly in the umbilical suturo and are strongest in 
the lower portion of the lateral parts. Half-way from the umbilical shoulders to the 
ventral area of the shell either tho majority of ribs become dichotomous, or else weaker 
ribs are intercalated between the principal ones. All the ribs continue, although in 
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considerably reduced strength, across the siphonal area without any interruption. 
The direction of the siphonal ribs, which arc nearly twice as numerous as the lateral, 
is perfectly straight. This ornamentation makes our specimen a most typical 
representative of Gemmellaro's sub-genus Hoffmannia. 

Constrictions are seen on the cast to the number of three in the last volution. 
They oross the ribs in a very oblique angle, being slightly curved forward in the 
vicinity of the siphonal area. 

Dimenaions : — 

Diameter of the shell 8 mm. 

„ „ umbilicus . . 3 „ 

Height ■» 0 f tb> ] ullt Nation / 4 „ 

TbicknewJ \i n 

Sutures. — The most remarkable character in the arrangement of the sutural 
lino is tho unusually large sise o£ the siphonal prominenco, which in height sur- 
passes the siphonal saddle. It is bottle-shaped and provided with a small incision on 
its apex. This is exactly the shape of the siphonal prominence (a forma di bottiglia 
e inciso sull* apice) which Gemmellaro considers to be a typical feature in his genus 
Agathiceraa. 

In his beautiful memoir on the ammonites of tho Artinskian stage (Hemoires 
Acad. Imper. des sciences de St. Petcrsbourg, sor. VII, vol. XXXVII, 1889, p. 64), 
Karpinsky, however, demonstrated the small importance of this character. He, 
in accordance with E. v. Mojsisovics, oven included Adrianitea in Agathiceraa, 
not even giving sub-generic rank to the former. Although, having regard to the 
peculiarities of its sculpture, the present species must be compared to Adrianitea 
Hqffmanni, it is more nearly allied to Agathiceraa in the development of its 
sutures. Apart from its higher median prominence, the sutural lino of my 
Himalayan specimen is very similar to that of Agathiceraa urnlieum, Karp., or of A. 
Krotowi, Karp., as figured by Karpinsky (I. c, Taf. IV, fig. id, Taf. V, fig. 7c). 

I have counted three lateral lobes and only two saddles corresponding to a 
diameter of 5'5 mm., whereas in A. Krotowi a third lateral saddle is present corre- 
sponding to a diameter of 6 mm. The lateral lobes regularly decrease in size towards 
the umbilical suture. In some of them there is a well-marked tendency to change 
their evenly rounded base into a lanceolate shape with angular borders. The saddles 
are slender, with parallel sides and regularly arched tops, and nearly twice as broad 
as tho adjoining lateral lobes. 

Locality : Number of specimens examined— One mile north-west of Lilinthi : 1. 



Gastriockras, Bp. ind. ex aff. G. Mabiaxum, Vera., PI. V, fig. 23. 

The single, imperfect fragment by which this genus is represented in the Hima- 
layan collection belongs to the group of Gaalrioceras Joaace, do Vorneuil, and 
G. Mariomm, de Vern., which is characterize! by moderately evolute whorls. 
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a trapezoidal cross-section, and strong umbilical ribs. Ab the fragment is absolutely 
insufficient for a specific determination, I prefer to abstain from giving a detailed 
description, and merely record its presence in the Productus shales of Lilinthi. 

Prom the Sicilian representative of tho genus it ditfers strongly by the complete 
absence of spiral stria! on the marginal portion of the flanks and on the siphonal 
area. It, however, retains tho strong constrictions which arc so common in the 
majority of species of Gattrioceraa and Glyphioeerat. 

The figure 23 c on PL V shows the sutures to bo characteristic of Qatirioeerat. 
They strongly resemble those of small specimens of G. Marianutn as given by 
Karpinsky (L c., Taf. IV, fig. 2). The sutures of my specimen, corresponding to a 
diameter of 3 mm., are distinguished from the sutures of adult individuals by a 
rounded siphonal lobe with a very short median prominence and by a flatly curved 
lateral lobe, which appears inclined to become pointed in later stages of growth, Tho 
marginal wall of the siphonal saddle is more steeply inclined than the umbilical one. 
The lateral saddle is broadly rounded. 

Locality : Xumber of tpecimens exam ned. — One milo north-west of Lilinthi : 1. 

Urancoceeas (?), sp. ind., PL V, fig. 24. 

It is only with great hesitation that I venture to include in thi9 genus tho 
einglo fragmentary specimen available for examination. In shape it is more similar 
to most species of Glyphioceras, boing broadly rounded and involute, with a semi- 
lunular cross-section, not compressed and discoidal as in typical forms of Branco^ 
ceras. This character is, howover, of minor importance, my specimen consisting 
only of air-chambers, and not exceeding a height of 4 mm. in the last volution, la 
a typical species of Braneoccras—Goniatites BelvtUianue, de Koninck (Fnunc du 
calcairo carbonif6rc dc laBelgique, II, p. 95, PI. 60, figs. 8 — 10) — the original shape 
is thickly globose and tho compressed volutions aro only acquired in later stages of 
growth. The inner volutions of tho specimens by which the present species is 
represented, may consequently bo very different in their shape from the full-grown 
individuals. Thus its globose character is not sufficient argument in favour of 
removing my Himalayan specimen from Brancoceras and placing it in the genera 
Glyphioceras or Qattrioceras. 

The lateral parts of the low and broad whorls are strongly curved and unite in 
the regularly rounded siphonal area without distinct demarcation. Tho greatest 
transverse diameter corresponds to the sharply defined umbilical edge. Tho deep 
umbilicus is surrounded by a perpendicular wall. 

The sculpture consists of numerous radial ribs, which cross tho rounded siphonal 
area, where thoy are most strongly developed. Brutwoceraa ornatistimum, de Kon., 
is provided with a similar sculpture. In the latter species, however, the ribs form a 
broad Binus on the ventral portion of the shell, whereaB in the Himalayan specimen 
they are not falciform but nearly straight, as in some species of the gtnus l'ericyclus, 
Mojs. 
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£ intentions : — 

Diameter of the shell 



3 
2 





Sutures. —The most important character of this specimen is its sutural line 
which shows a hroadly rounded and simple siphonal lobe, a regularly rounded lateral 
lobe, rounded siphonal and lateral saddles, and a very small auxiliary lobe and saddle, 
both situated on tho umbilical wall. 

The external sutures of a typical Brancoceras consist of an undivided, pointed 
or rounded ventral lobe, one pair of angular lateral lobes and a second pair of rounded 
lobes on the umbilical border. The lateral saddles are more broadly rounded than 
the siphonal saddles. From this arrangoment of the sutural line in typical species of 
Brancoceras the sutures of the present specimen differ chiefly by tho rounded shape 
of the lateral lobes. This difference does not appear to me a sufficient reason to 
forbid an identification of our specimen with Brancoceras. My view is chiefly 
based on a comparative study of the ontogeny of Glypkiocerat by Perrin Smith 
(Proceedings of the California Acad, of Sciences, 3rd ser., Gcol., vol 1, San Francisco, 
1897, pp. 105— 12G). l'errin Smith agrees with the majority of authors in consider- 
ing Prionoceras, Hyatt, as the ancestor of the Glyphioceratidce. It has been demon- 
strated by K. v. Zittel and by Holzapfcl, that Brancoceras and Prionoceras merge 
one into the other, and that there is no reason for retaining the two as independent 
genera. Now Glyphioceras incis>m, according to the instructive studies of Perrin 
Smith, in its ontogeny goes through the stages of Anarcestes, Tornoceras and Priono- 
ceras, showing a gradual change from Prionoceras to Glyphioceras in the adolescent 
and early adult stages. The end of the Prionoceras stage is reached in this species 
at two and three-fourths of a whorl, corresponding to a diameter of the shell of 
2 25 mm. 

This development of the sutural line is clearly exhibited in PI. XX accompanying 
Perrin Smith's memoir. The sutural line, as illustrated in figs. 6 and 7, perfectly 
agrees with tho sutures of our Himalayan specimen, the ventral and lateral lobes being 
regularly rounded at their base.' It is only at a diameter of tho shell of 164 mm. 
that they assume the angular shape developed in adult individuals of Brancoceras. 
Thus I am not inclined to consider the angular shape of the lobes as a character 
of generic importance in Brancoceras. I am consequently obliged to place a 
species with rounded lobes, such as is represented by our Himalayan specimen, in 
the latter genus. 

A species with very similar sutures from the permian Fusulina limestone of 
Sicily has been referred to Brancoceras by Gemmellaro (La fauna dei calcari con 
Fusulina dclla Valle del F. 8osio, Appendice, Palermo, 1880, p. 26). Tho examples 
by which this species, Brancoceras pygmceum, Gemm., is represented, are of very small 
site, and consist of air-chambers only. Freeh (Hie Dyas, Lethaea palroozoica II, 2 
Abth., p. 475) docs not consider the absence of a median prominence in the siphonal 
lobe to bo satisfactorily proved, but attributes the species to the genus Gat- 
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trioceras, entirely denying the presence of Brancoccras in strata younger than 
lower carboniferous. In this opinion A. Holzapfcl also concurs, so far as the geolo- 
gical distribution of Brancoceras is concerned, which he believes to be restricted to 
beds of upper devonian and lower oarbonif erous age. 

The only difference of importance between Brancoceras and Glyphioceras or 
Qasirioceras is the presence of a simple, undivided si phonal lobe in the first genus, 
whereas this lobe is provided with an often strongly devoloped median prominence in 
the two latter genera. In my specimen the ventral portion of the sutural line has 
been perfectly well preserved. Thus there cannot be any doubt as to the absence of 
a siphonal prominenoo. In Qlyphioceras incisum the end of tho Prionoceras or 
Brancoccras stage is roached at two and three-fourths of a whorl, corresponding to a 
diameter of 2*25 mm. It is consequently impossible to consider the present speci- 
men, with a diameter of 8 mm., as a specimen of Gastrioceras or Glyphioceras 
which has not yet passed from the adolescent Brancoccras or Prionoceras to the 
adult stage of Gastrioceras or Glyphioceras. 

The determination of the present specimen, which, though not beyond doubt, has 
much probability of correctness, demonstrates the possibility of an extension of the 
genus Brancoceraa into strata of permian ago. 

Locality : Number of specimens examined.— One mile north-west of Lilinthi : 1. 



Nomismoceras Suithii, sp. nOV., PI. V, fig. 25. 

An incomplete specimen of Nomismoceras, with part of its body-chamber 
preserved, approaches in its outlines N. viliigerum, PhilL In its ornamentation it 
recalls jV. Meneghimi, Gemmellaro (La Fauna dei calcari con Fusulina della Vallo 
del F. Sosio, Fasc. I, p. 92, Tav. X, figs. 89—43), but its less evolute shape alone is 
sufficient to separate the two species. 

The shell is strongly compressed and of discoidal shape. The inner Tolutions 
increase very slowly and their transverse section is nearly circular, even in the 
penultimate whorl. Tho last volution, however, increases more rapidly and overlaps 
tho penultimate whorl to nearly one-half of its height. Thus a comparatively narrow 
umbilicus is formed. The umbilicus is considerably smaller than in the Sicilian 
species and slightly smaller than in Nom itmoceras tit tiger inn, Phill., and N. rotiforme, 
PhilL, but yet much larger than in N. ornatum, Foord and Crick. With X. Jleneg- 
hinii my Himalayan species agrees in tho shape of tho cross-sections. In the innor 
volutions the siphonal part is broadly vaulted, but becomes more compressed towards 
the aperture, thus imparting a strongly lenticular shape to the profile of the last 
volution. Both the siphonal and umbilical margins are regularly rounded, without 
any distinct demarcation. 

The deeply marked constrictions which are so common in the families of 
Glyphioceratida and Gephyroceratidai are seen in my specimen to the number of 
two on the last volution. 
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In its ornamentation the Himalayan species recalls N. Meneghinii and N. 
gracile, Gemm., from the permian Fusulina limestone of Sicily. Tho innermost 
volutions are probably smooth, but their state of preservation docs not permit this 
diagnosis to be given with full certainty. The outer whorls, especially the last, 
are covered with numerous sliarp ribs, which originate above tho umbilical suture 
and are separated by oquidistant valleys. The ribs increase in number towards the 
siphonal margin either by bifurcation or by intercalation of new ones. They are 
perfectly straight on the lateral parts of the shell. The main ribs cross the siphonal 
area without changing their direction, but such minor ribs as originate by bifurcation 
in the vicinity of the siphonal area arc turned backward while crossing tho siphonal 
part. There is, however, no sharp bend visiblo in the direction of the ribs, as in tho 
two Sicilian forms. 

The measurements of the specimen are as follows : — 

Diameter of tbe (hell 8 mm. 

,, „ nmbilieiM ........ 2 „ 

Height 1 of the (Mt vo , atioo f 4 5 „ 

Tbickaes* J 1 3 

Sulures. — The sutures are simple, with elements entirely rounded. The lobes 
stand at equal heights. The siphonal lobe is divided by a small median prominence, 
the details of which have, however, been destroyed by weathering ; it is followed by 
a high, straight, external saddle. This external saddle is regularly rounded above 
and bordered by parallel margins. The lateral saddle is considerably smaller, 
rounded above and bordered by sloping margins. A small umbilical lobe is situated 
outside the umbilical suture. 

In the arrangement of its sutures my Himalayan species is very nearly allied to 
N. villigerum, Phill. A comparison with the sutural line of the latter species, as 
illustrated by Haug (fitudes sur les Goniatitcs, Mcmoires Soc. geol. de France, 1898, 
No. 18, p. 45, fig. 11), clearly shows this similarity. The only difference consists 
in the slightly deeper position of the siphonal lobo and in the converging margins of 
the adjoining principal saddle. 

Locality : Number qf specimens examined. — One mile north-west of Lilinthi : 1. 

RemarkB.—-l do not think there can be any difference of opinion as to 
the genus to which the present species should be attributed. It agrees in all its 
characters of importance with Nomismocercu, Hyatt, if this genus is admitted in 
the interpretation of Holzapfcl and Haug. 

The genus Nowhmoceras was established by Hyatt, who erroneously placed it 
among the family of Glyphioceraiida. Holzapfcl (Die Cephalopodcn fuhrenden 
Kalke des unteren Carbon von Erdbach-Breitscheid, PalteontologLschc Abhandl. 
von Dames u. Kayser, V, p. 32) emended the genus and included in it flat, discoidal 
and ovolute species with a wido umbilicus, which in their outlines recall the genus 
Prolevanitea, Mojs., of which Goniatilet spirorbis, FhilL (Geology of Yorkshire, II, 
T. 20, figs. 51 — 55), is regarded as the prototype. Its sutural line is very simple. All 
the lobes are rounded. Tho broad siphonal lobe is divided by a median prominence. 
The external saddle is broad and low, the lateral lobe broad and very flat, barely 
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reaching the height of the median prominence, and situated close to the umbilical 
margin. A lateral saddle is hut faintly indicated. 

Foord and Crick (Catalogue of the fossil Cephalopoda in the British Museum, 
PL III, 1897, p. 217), and Haug also, retained Nomitmoceras with full generic rank, 
although it had originally heen merged in Glyphiocerat by K. v. Zittel (Handbuch 
der Pahnontologie, Abth. I, B<L II, p. 420). Haug, to whom we owe a thorough 
study of the relations of Nomitmoceras to both Glyphiocerat and Gephyrocerat, gives 
the following diagnosis of the first genus: Body-chamber shorter than the last 
Tolution, inner whorls very slowly increasing, barely overlapping each other, with 
circular cross-section ; outer volutions often more rapidly increasing and overlapping 
each other considerably, with lenticular or biangular transverse sections ; lobes 
entirely rounded, siphonal prominence low, saddles broadly rounded ; lateral saddlo 
distinctly individualized, second lateral lobe corresponding to the umbilical suture. 

In all these characters my Himalayan species agrees so perfectly with the 
diagnosis given by Haug, that its position in the genus Nomitmoceras is fairly 
certain. In adopting the latter genus in Haug's interpretation, I must consequently 
follow Haug and Freeh (Lethsea pakeozoica, II, Bd. 8, Lfg. " Die Dyas," p. 475) 
in refuting Gemmcllaro's identification of Nomitmoceras gracile and N. Meneghinii 
with Glyphiocerat. In these two species, which have been compared to N. Smithii 
as regards their ornamentation, the slowly increasing whorls, which barely overlap 
each other, are retained in later stages of growth. Their sutural lines are much 
like those of N. vittigerum. 

The intimate relationship of Paralecauilet, Dioner, from the permian Belle- 
rophon limestone of the South- Eastern Alps with Nomitmoceras, as suggested by 
Haug, is very probably correct. It is certainly much more plausible than Freeh' s 
identification of Paralecamtet, Dien., with Paraceltitet, Gemm. The distinctive 
features in the arrangement of the sutural line, especially the angular shape of the 
siphonal lobo, appear to me, however, sufficiently well-marked to retain tho sub- 
generic denomination for the Alpine ammonites. 

Pbbictclus, sp. ind., PL V, fig. 21. 

Tho genus Pericyclut has been introduced by E. v. Mojsisovics (Ccphalopoden 
der Mediterranen Triasprovinz, Abhandl. GeoL Roichs-Anst., X, p. 141) for the 
accommodation of GotUatitet princeps, do Kon., and G. oirgatut, de Eon., which wore 
considerod by him as ancestors of his triassic genora Acrochordicerat, Haloriles and 
Juvavites. As revised by Holzapfel (Bio Cophalopodon f uhrenden Kalkc des untcron 
Carbon von Erdbach-Breitscheid, Pahoontologische Abhandl. von Dames und Kayser, 
V, p. 83) the genus comprises trachyoetrao, involute forms with sutures as in 
Glyphiocerat but with a very characteristic sculpture, consisting of strong, transverse 
ribs, which cross the rounded siphonal part. The genus has hitherto been known only 
from strata of lowor carboniferous age in Belgium, Germany, Great Britain and 
Indiana, 
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Among my materials from tbo Froductus shales of Brans three fragments of 
outer volutions must probably bo attributed to Fericgclu*. Their ornamentation is 
eo characteristic that I do not hesitate to identify them with this genus, notwith- 
standing their incomplete state of preservation. 

From their outlines we are led to suppose that the fragments belonged to 
moderately inflated, strongly involute forms with rounded whorls, corresponding to 
the group of P. Kochi, Holzapfel. In my largest fragment the cross-section of the 
whorl is of equal height and width. Both the lateral and umbilical margins are 
regularly rounded. Tho surface is adorned with numerous slightly sigmoidal ribs 
which cross tho siphonal part without interruption. The ribs are not sharp, but 
rounded, on their tops. Some of them slightly increase in strength before passing 
across tho siphonal area. Most of tho ribs bifurcato in the umbilical region, 
as in T. fvrcalus, M'Coy (Synopsis of the characters of the carboniferous fossils of 
Ireland, p. 21, PL IV, fig. 13), but the ribs are more numerous and less gibbous than 
in the Irish species. 

All my specimens boing fragments of tho body-chamber, the sutural line is not 
known to mo. 

Locality : Number of specimens examined. — One mile north-west of Lilinthi : 3. 



It seems rather hazardous to propose the now genus for the accommodation of a 
single, not entirely preserved ammonite, whose sutural line is not known to me. 
If one wished to bo rigorous in the introduction of new genera and to accept only 
those of which a fairly complete diagnosis can bo given, the present one would 
o<?rtainly not be among those which could be retained without contradiction. But 
the present species is of such interest, on account of its similarity to triassic forms, 
that I feel obliged to distinguish it by a proper generic designation notwithstanding 
its incomplete state of preservation. I must, of course, abstain from giving an exact 
diagnosis of this new genus. Its loading features arc obvious from a description of 
the present species, which occupies an isolated position among permian ammonites 
on account of its peculiar, strongly trachyostrao sculpture. 

My type-specimen is of small size, like all tho ammonites in Smith's collection 
from Lilinthi. It is provided with its body-chambor, to which tho anterior portion 
of tho last volution belongs. It is of obliquely elliptical shape, but it is impossible to 
decide whether this shape ought to be considered as original or is rather duo to an 
accidental deformation in the matrix. The discoidal shell consists of slowly increasing 
whorls, which barely overlap each other. The transverse section of the last whorl is 
of equal height and width, broadly rounded above, but with distinctly marked 
umbilical edges, which are separated by a low, but steeply inclined wall, from the 
umbilical suture. 

Tho most peculiar character of the species is its strongly marked sculpture. 
This sculpture is interrupted along the median line of the siphonal area. On each side 
of the median line a row of small tubercles , is arranged, which gradually passes ovor 
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into narrow ribs. In crossing the siphonal margin the ribs are adorned with a sooond 
set of tubercles. Thus two spiral rows of tubercles are. found, one of them situated 
on tho siphonal area and the other on the lateral parts in the vicinity of the siphonal 
margin. From the row of marginal tubercles the ribs are continued as strong and 
bulky oostm to the umbilical edge, where traces of tubercles are faintly indicated. 

The sutural line is but very imperfectly known to me. The presence of a 
rounded siphonal, and a large lateral, saddle and corresponding lateral lobo, has been 
ascertained. 

Tho measurements of this specimen are as follows : — 

Diameter of the shell U mm. 

* ., 

^ j at the place of it» greatest aplanation . ^ " 

Height n f4 .. 

Thick**. } of the last Tolntioo J 4 " 

Locality : Number of specimen* examined.— Ono milo north-west of 
Lilinthi : 1. 

Remark*. — Thcro is a striking similarity between the present species and 
some of the upper triassic representatives of tho genus Clionitea, Mojsisovics (Die 
Cephalopoden der Hallstatter Kalke, Abhandl. K. K. Gcol. Roichs-Anst. VI, 2 Th., 
p. 451). Clionites Area, Mojs., very nearly approaches Lilinthicera* in its general 
shape and sculpture, omitting tho difference which oxists in the elliptical outlines 
of the Himalayan species. They agree in the development of bulky ribs, which are 
interrupted along tho median line of the siphonal area and arc adorned by a marginal 
and siphonal row of tubercles. This external similarity is, however, no argument in 
favour of a direct affinity of Lilinthicera* with Clionitea. The two genera are too 
far distant in their geological age, to give any clue as to their true relationship. It is 
much more probable that their external similarity is only one of the many pheno- 
, of convergence, which are so often noticed in ammonites of different geological 



' GASTEROPODA. 

PLBUnOTOMAEU, sp. ind. 

Two fragments of casts agree so exactly in their shape and sculpture with 
Pleurotomoria— in tho interpretation of Kokcn— not of L. de Koninck— that I oan 
scarcely entertain a doubt that they belong to that genus. They are, however, 
absolutely insufficient for specific identification, being badly weathered casts, with 
their umbilical regions entirely destroyed. They might, perhaps, be included in 
the group of Pleurotomaria punjabica, Waag., yet better preserved specimens 
might show the Himalayan species to bo really different from the Salt Range 
form. 

Locality : Number of apecimena examined.— Nihal : 2. 
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LAMELLIBRANCHIATA. 
Leda cf. speltjncaria, Geinitz, PL V, fig. 13. 

IMS. Nwmla tptluncaria, Goinitx. Vantaioaraiigaii im dent when Zwbatein. gtbirgva, p. 9, T»f. IT, 6g. fl. 
13SO. A'««/a Fimti. King. Monogr. prrraian to$*. of England, Palamnl. Sac., p. 176, PI. XV, figa. 21, 81. 
1803. Ltda tpdunmrU, QoialU. Die Dymn, p. 88, T»f. XIII, 6ga. 2fi -81. 

Ltia iptUn*aria, Taah ernjaehaw. Dtr permiaaaa KaJkaWio ioa GoaT«rtMment Koatrxima, p. 15, T»f. 
XVI, fig. 16. 

1886. Ltia tprinneoria, Krotow. Tb» Artinaklaa ataga (Baaaiau), Trady 8oe. of Sat. Impar. Unirora. of 

Kann. »cJ. XI II, pt. 6, p. 248. 
1894. Ltia tptlnncaria, Nataohajaw. Dig Panoa dor permiaoliaa Ablagcrungao doa oatiichaa Thaln di« 

«aropa)iwli«B Boariania. ibidem, »oL XXVII, pt. 4, p. 851. 

The only specimen, which I attribute with some reserve to this common species 
of the German Zechstein, is a cast without any trace of its shell. The narrow 
posterior wing has not been entirely preserved. Notwithstanding its fragmentary 
character tho specimen agrees so exactly with specimens from the Zechstein of Gera 
in tho collection of the Palaeontological Museum of the Vienna University that there 
can be very little doubt as to its identity with Leda tpelimcaria. 

My specimen is of medium size. Ite backward shifted umbo is situated near 
the anterior third of the entire length of the shell. Traces of the cardinal teeth are 
noticed in the anterior portion of the hinge-line. Indistinct furrows, which roach 
from each umbo to the pallial line, at the same time curving towards the posterior 
end, are faintly indicated. The muscular impressions arc not accessible to obser- 
vation. 

The measurements of this specimen are as follows : — 

Entire length of the shell ...... ea. 15 mm. 

„ height „ „ 8 „ 

Thicknea of both vtlve* . . . . . . .55,, 

Locality: Number of tpecitnew examined.— Calcareous band in the Productus 
shales, Nihal, immediately below Peak 13,944 : 1. 

* 

Goniomta, sp. ind., PI. V, fig. 19. 

It seems rather hazardous to quote this genus in a pennian fauna. Notwith- 
standing Krotow's statement to tho contrary, Goniomya, by the generality of palaeon- 
tologists, is not accepted as occurring in strata older than mcsozoio. Both K. v. 
Zittel (Grundzuege der Paheontologie, p. 305) and W. Ball (in Zittel's Textbook of 
Palaeontology, p. 389) quote the liassio and cretaceous periods as limits of tho 
vertical distribution of the genus Goniomya. It would, however, be very difficult to 
decide in what genus the shell here under consideration ought to bo placed, as in all 
its external characters it resembles so closely a jurassio Goniomya. Tho ovato-tra- 
pczoidal outlines and the V-shaped sculpture of tho, gaping valves are such peculiar 
features, that I do not hesitate to class my Himalayan specimen with Aggassiz'a 
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genus, although this identification is based on external similarity only, and not 
founded upon any examination of the internal characters, which are, unfortunately, 
not accessible to observation. 

My specimen is too fragmentary to merit special description. Of pahooioic 
species only a single one, Qoniomya art ien»i», Krotow (Tho Artinskian stage, Trudy, 
Soc. of Naturalists, Iraper. University of Kasau vol. XIII, pt. 5, 1885, p. 255, 
PI. Ill, fig. 20), from the Artinskian strata of Russia, can be compared to it. But 
from this Artinskian species my Himalayan shell is readily distinguished by 
the different position of the median line of the V-shaped sculpture, which in 
O. ariieims is shifted considerably nearer to tho posterior end of the sholl. Thus 
the two species aro certainly not idontical. 

Locality : Number of specimetu examined.— Ealapani : 1. 

Liebba sp. ind. ex aff. L. Hausmanni, Goldf., PL V, fig. 18. 

Several specimens of a large bivalve have given much trouble from the state 'of 
their preservation, which is unsatisfactory, but they appear to correspond better with 
the characters assigned to the genus Liebea by Waagen than to any other. Tho shape 
of the strongly inequivalve shell appears to be much the same as in L. Eautmanni, 
Goldf., and tho stoop bonding down of the anterior lateral margins from the beaks is 
perfectly well exhibited in all my fragments. 

Of my specimens tho figured one, which is the most complete, shows the two 
valves attached to oach other. They aro of mytiliform shape, strongly inequilateral 
and moderatoly inflated. The loft valve is the largor. Its pointed beak is slightly 
incurved and projecting above the partly injured apex of the smaller but more 
strongly inflated right valve. The beaks are anterior in their position and attenuated. 
In the shape of the apical angle this specimen recalls Liebea tqmmota, Sow., 
rather than L. septi/er, King, if King's division of L. Hausmami into two proper 
species is accepted. From the vaulted median line in the apical region the lateral 
parts are more steeply inclined in the anterior than in the posterior direction. The 
presence of wings cannot be stated, because tho shell is injured at the place where 
they ought to be situated. The short hinge-margin is straight and bordered by a 
distinct, sharply defined area in each valve. 

The surface is covered in both valves by numerous concentric ridgos of very 
unequal strength. 

Exact measurements cannot be given, as the materials at hand are too fragmen- 
tary. The figure will give, I hope, a sufficiently clear idea of the leading features of 
tho illustrated specimen. What can bo made out of the latter is not contradictory to 
an identification of the fossil as a species of Liebea, allied probably to L, Hausmanni. 

L. Hautmatmi has been characterised by Oeinitz (Dyas, p. 72, Taf. XIV, figs. 
8 — 16) in an cxccllont manner, and from his description it can easily be seen that the 
German and Himalayan Species are certainly not identical The characters by 
which the two species can be distinguished are the remarkable difference in their 
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size, and the more strongly inflated shapo of the right valve in my Indian shell. In 
its dimensions the latter soaiowhat rooalls the Australian genus Aphanaia, de 
Koninck (Bcchorchos sur los foss. paleozoiquos de la Nouvelle Galles du 8ud, p. 302), 
but in this genus, which, like Liebea, oxternally recalls Inoeeramut or Aucella of 
mesozoio ago, the right valve is always the larger. 

Locality : Number of specimen* examined.— Kalapani : 3. 



BRACmOPODA. 
Productus of. Purdoni, Davidson. 

1864. rnJtrtv Punk™, Danri<W Quart. Joura. Qeol. 8oc, London, XVIII, p. SI, PI. II, fig. 9. 

For further synonyms my memoir on tho fossils of the Productus shales of 
Kumaon and Garhwdl (Pt 4 of the present volume, p. 21) may be consulted. 

It is with considerable hesitation that I introduce this as a species from the Pro- 
ductus shales of Byans. 8evcral vory large but badly preserved Produeti have been 
collected by 8mith near Kalapani. One example is probably referable to this species. 
The specimen, though worn and fragmentary, consists of both valves. Its strongly 
elongate outlines, the comparatively short hinge-line, and tho presence of two small 
wings in the dorsal valve, which are separated from the remainder of the valve by 
diverging furrows, essentially ally it to P. Purdoni. A small cardinal process and a 
very bng and stout median septum are observable in the dorsal valve. 

In its dimensions this specimen nearly agrees with the larger of the two examples 
which liave been illustrated on PI. II of the above memoir. 

Locality: A'ttmbcr ofspecimctw examined. — Kalapani: 1. 



PuoDfCTrs CANCEiNiPORiirs, Tschernyschew. 

1888. ProiuHut etueriaiformu, TwheraTiefaew. Allgemeln* geologitth* Karte tod Rutland, Bl. ] 89. 

Beubrtibuug de* Ctratral- Urals und <tm W«atabbaDg\», Mini. Com. geol. it. PtfU-rabourK, to4. Ill, 
No. 4, p. 873. PI. VII, Kgi. 33, 33. 

Por a more complete list of synonyms I refer to my memoir on the permian 
fauna of the Productus shales of Kumaon and Garhw»l (Part 1 of the present 
volume), p. 31. 

To these synonyms the following should bo added : — 

1900. Produtttu cancriniforwit, SebeUwSen. Die Fauna der Trogkoftlgchiohtan in den Kandaeheo Alpra 
«uid d«i> Karamuk™. AbhandL K. K. Q*>1 Reioha-An.t.. XVI, bd. Haft. 1, p. 48, Taf . IX. 
fig.. 1-3. 

Numerous examples of this leading fossil of the Productus shales of Kiunglung 
E. 0., in the Jfiti district were collected by Smith at Nihal, together with Chonetet 
Iwarensia, Dien. The specimens, although imperfect— the majority being ventral 
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valves— completely agree with the types illustrated in my abovo-quoted memoir. 
One of them is a little larger than any of the hitherto known Himalayan examples, 
and agrees in its dimensions and outlines with Tschornyschew's Artinskian type- 
specimen from the Ural Mountains. 

Whereas among the Niti forms longitudinally oval shapes predominate, the 
types from Byans are, as a rule, broader than long. In several specimens traces of a 
mesial sinus are faintly indicated. In one example a sinus is sufficiently well deve- 
loped to justify a reference of this type to Schellwien's var. sinuata (1. c, p. 44, Taf. 
IX, figs. 4-6). 

Great variation in sculpture has been noticed by Schellwien in his permo- 
carboniferous examples from Carniola. He especially remarks that in some of his 
specimens the concentric wrinkles are bo faintly developed that an identification 
with Productus cancrini, Yern., was earnestly taken into consideration. AH my 
numerous specimens of P. cancrin\formis from the Niti district were distin- 
guished from P. cancrini by the presence of wrinkled transverse folds, extending 
from the wings and lateral margins across the entire shell. But among my materials 
from Byans there are some examples in which the concentric wrinkles are but 
faintly indicated and restricted to the median portion of the shell. In this res- 
pect and in the development of a mesial sinus, they agree completely with ScheU- 
wien's types from tho permocarbonifcrous rocks of Ncuraarktl in the south-eastern 
Alps. 

Locality : Number of specimen* examined. — Nihal : 11. 

Marqinifbka BImalatensis, Diener, PI. V, fig. 27. 

This is the chief leading fossil of tho Productus shales of Byans. All the nume- 
rous shapes which have been described from Kashmir, Spiti and the Lissar VaUey, 
were also obtained from Smith's Himalayan collection. 

One specimen has been found in which the internal arrangement of the dorsal 
valve is fairly weU exhibited. Its internal characters are nearly the same as those 
of M. typica, which have boon excellently illustrated by Waagen (Salt Range Foss., 
Palteont Indica, ser. XITI, vol. I, Prod, limest. Foss., p. 718). The lower portion 
of the cardinal process has been partly broken off, but the long median septum, 
which forms its continuation on the inner side of the valve, is clearly visible. On 
both sides of the median septum the inner pair of rcniform adductor impressions 
is distinctly developed. The brachial ridges bordering these adductor or occlusor im- 
pressions proceed obliquely outwards ; then turning abruptly backwards terminate 
in a hook-shaped process at a considerable distance from their origin. Impressions 
of the outer pair of adductor muscles are not preserved. 

Otherwise I can add nothing to my description of this species in the foregoing 
chapter and in the second part of the present volume. 

Locality : Number of specimens examined. — Kalapani, 64 ; one mile north-west 
of Lilinthi, 34 ; one mile east of Kalapani, 18 ; Nihal, 20 ; Kaua Malla, 6. 
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CHONBTB8 LISSARBJfSIS, DienCT. 

1807. CAmKm Iii«tm,{.. Diner. The fuu. of lb. permbn Produtn* of Ksoiaoa U»d 0»h»« 
Palaontologii Indies, hi. XV, Him»t»ywi Powik tol. I. pi. 4, p. 1», PI. II, figs. 

1899. Clonrtn liuartnti,, Diener. Anlbnoolitaio Pom. of ud Spiti. <»W., pC II, p *«. PL VI, 

fig. J. 

A Bmall number of ventral valves in Smith's Himalayan collection are referable 
to this species. None of them is actually perfect, but, so far as can be judged from 
their state of preservation, they closely resemble my illustrations of Choncte* 
lissaretuis. They have the trapezoidal outlines with rounded margins, and the very 
sharply impressed mesial sinus with a narrow median fold along the base which are 
the chief characters of distinction in this easily recognised species. 

Of the shell no trace has been preserved. 

Locality : Number of tpeciment examined.— Nihal, 3 ; one mile east of Kahv 
pani, 2. 

Chonetes TEAKsmoyis, Krotow, PL V, figs. 14—17. 

18&5. Ckowittt tranriiioai: Kioto*. Th« Artln»U»n tfeg. (RnnUn), Mom. So*, of XMOtditU, Imper. 

Onirwwtj of Km»d, toI. XIII, pt. S, p. 2*3, Pi. IV, fig.. 1S-15. 
1889. CAwwAa trtuuHiatu, ToobeniTtoheir. All^m. g*ol. KorU Ton BWaad, BI. 139. Rwhreibuni 

dwCwlnMJak ond cm WwUbluB*"* Com. (*ol. St. Petanboatg, III, Mo. 4 p. 3177. 

PL V, Sg. ». 

This Artinskian species is represented in the Himalayan collection by a large 
number of . specimens. Both ventral and dorsal valves, with their shell entirely 
preserved, are available for examination. Thus a fairly complete diagnosis of 
the species can be given, whioh will considerably add, I hope, to the rather short 
descriptions which have been published by Krotow and by Tschernyschew. 

The shell is of variable size and outlines. It is always broader than long. 
But in the majority of specimens the difference between length and breadth is in- 
considerable, whereas in a few specimens the width of the shell is nearly double 
its length. The outline is transversely rectangular, with semicircular margins. The 
majority of the specimens are provided with small but distinctly developed auriculate 
wings, which terminate in sharply pointed cardinal angles. But these slightly 
produced wings are occasionally missing, in which case the cardinal angles are 
rounded off acutely. The some variability in the character of the cardinal termi- 
nations has been noted by Krotow in his Artinskian types. The majority of 
Himalayan representatives of this species correspond to tho Russian typos illustrated 
on PL IV, figs. 13, 14, of Krotow's memoir, whereas the typo illustrated in fig. 12 is 
an exception. 

The ventral valvo is either flatly or moderately curved. Tho curve is regular 
in the longitudinal direction, but in the transverse direction is regular only on the 
visceral and lateral parts of the valve. Towards tho wings the shell is strongly 
flattened. The demarcation between the strongly curved visceral and the flattened 
marginal portions in the vicinity of tho wings is more or less distinctly defined. 
In some exceptional shapes it is even marked by a sharp furrow. 
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The straight hinge-line is always as long as the greatest breadth of the shell. It 
is bordered by a very narrow area, which is divided by a small deltidial fissure. On 
the cardinal margins, limiting the area above, five to six spines are noticed on each 
side of the pointed beak, which ia scarcely prominent, and does not overlie the 
hinge-line. 

In the majority of examples no trace of a mesial sinus is indicated. Some- 
times, however, the ventral valve is slightly depressed along the middle, in which case 
there is a slight corresponding emargination in the front line. In none of my 
specimens is a sinus more distinctly developed than in the Artinskiau type illustra- 
ted by Krotow on PL IV, fig. 13, of his memoir. 

The most remarkable feature of the ventral valve is its delicate ornamentation. 
It consists of very numerous, radiating lines, which are crossed by more distant 
concentric striro. 

The dorsal valve is distinctly concave, following the curve of the opposite valve. 
In different specimens this valve assumes a greater or lesser degree of concavity, 
with, at times, an indistinct longitudinal elevation along the middle, and flatness 
near the cardinal extremities. In the ornamentation of its surface it is similar to 
the ventral valve. 

The internal characters of the species are not known to me. 

The measurements of two specimens are as follows :— 

I. n. . 

Entire length of the shell . . . . 7 5 mm. 7-5 mm. 

„ breadth „ „ (along tho hingo-line) . 11 „ 13 „ 

Thickness of the ventral val»* .... 8 „ 8-5 „ 

Locality : Numer of specimens examined. — Nihal : 20. 

Remark* I think there can be but little doubt as to the correctness of an 

identification of my Himalayan shell with Krotow's Artinskian spocies, as they 
ajrree completely, even in details of minor importance, so far at least as one may 
judge from illustrations, without the type-specimens themselves being available for 
comparison. 

Chonetes transition* belongs to a group of forms which are characterized by 
the absence of a distinctly developed sinus and by their peculiar ornamentation. 
The combination of a radiating and concentric sculpture, as represented in this 
species, does not allow tho latter to be placed in any of the groups which have been 
proposed by L. de Koninck, Davidson and Waagen. A new group of striata- 
concentricce should be introduced for it. 

SrlRlPBR rajah, Salter. 

This species is represented in Smith's collection by a cast of a ventral valve 
only, but possessing the subcircular outlines and the coarse, fasoiculate ribs which 
are among the loading features of Spirifer rajah. In the face of such characters I 
cannot but refer the fragment to that species. 

Locality .- Number of specimens examined. — One mile east of Kalapani : 1. 
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Spibiper of. Havana, Diener. . 

A weathered and crushed specimen of a large Spirjfer with a sharply im- 
pressed sinus and radial striatum, in which traces of fasciculation are hut faintly 
indicated, may be provisionally referred to this species. The identity with the latter 
is, of course, only very vague. In making use of the term Sp. Havana, I feel that it 
is merely a name employed to distinguish a weathered specimen, having a fancied 
resemblance to that species, but which might with equal right have been referred 
to Sp.' 3farcoui, Waag. 

Locality : number of specimen* examined.— Nihal : 1. 

i 

8pir»br pasciqer, Keyserl. 

In the Productus shales of Byans numerous fragments of this species hare been 
noticed. The fragment of a ventral valve from Nihal, with its apical region entirely 
preserved, is sufficiently complete to permit of identification. 

From the same locality the species is known to me in the condition of very 
large internal casts, closely resembling those described and figured by myself in the 
second part of the present volume (pL V, fig. 7) from the Kuling shales of the Spiti 
Valley. 

Locality : number ofspecimem examined.— Nihal, 4, ; Kalapani, 1 ; Lilinthi, 2. 

8pirigeba cf. Gbbabdi, Diener. 

The external impression of a ventral valve from Lilinthi is referable to this 
species. It exhibits the outlines of a Spirigera with a very large apical angle and a 
flatly curved profile. The unsatisfactory state of preservation, however, renders an 
exact determination impossible. 

Dielasma cf. La Touohet, Diener. 

The fragment of a small Dielatma from the Productus shales of Kaua Malla is 
probably referable to this species. It possesses an elongately triangular outline, with 
the greatest breadth shifted towards the front margin, which meets the lateral 
margins in rounded-off angles. Along the median line of the valve a low ridge is 
faintly indicated, to which a narrow depression corresponds in the opposite valve. 

Without venturing for a moment to deny, in the face of such features, that the 
present species is really identical with Dielatma La Touchei, this identification 
appears nevertheless somewhat doubtful. What remains of the apical region leads 
one to suppose that it was very strongly inflated, much more so than in my type- 
specimens from the Productus shales of the Lissar Valley. But the present specimen 
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is evidently too imperfect for it to be possible to ascertain anything regarding its 
original shape. It is consequently impossible to decide whether it should be defi- 
nitely referred to Dielatma La Touchei. 

V. FOSSILS FfiOM THE ANTHRACOLITHIC SY8TEXI OF 8PITI. 

Spiti is classic ground for Himalayan geology. The anthracolithic system of 
this region was studied and described by F. Stoliczka 1 in 1864 and by C. L. 
Grieshach in 1889. The following sequence of beds has been established by C. L. 
Grieshach* 

A white quartzite of about 500 feet in thickness, which corresponds to the 
white quartzitc of probably carboniferous age in the eastern sections of Gorhwal 
and Kuntaon, is conformably overlaid by a grey, flaggy limestone (Sa, Grieshach), 
which is especially well developed in the vicinity of Muth. Above this grey 
limestone follow the Ruling shales (*etuu $lricto), consisting of sandstones and shales, 
which have yielded a fauna of permian age and are the equivalent of the Pro- 
ductus shales of the Niti district. 

In the materials entrusted to me for description in 1897, which had been 
collected by Dr. Gerard, 8toliczka and Grieshach, only the Ruling shales {tern* 
ttricto) — namely, the beds included betweon the grey limestono of Muth (8a) and 
the Otoceras-stage — were represented by fossil remains, with ono single excep- 
tion. This exception was a species collected by Stoliczka near Exiling in a limestone 
of unknown age. I identified this species with Syringothyti4 cuapulata, Mart., and 
consequently inferred the presence of a horizon of lower carboniferous age in the 
vicinity of Killing. This view, however, has been rendered untonablc by subsequent 
survey work in Spiti. 

The fossils from the Ruling shales {tetmt striclo) have been described in the 
second part of the present volume, and were found to indicate a permian age for that 
group. Thus Griesbach's correlation of the Ruling shales of Spiti with the per- 
mian Productus shales of Johar and Painkhanda, which had been based chiefly on 
stratigraphies! and lithological characters, was corroborated by paheontological 
evidence. 

8urvcy work in Spiti was taken again in hand in the years 1898 and 1899. In 
the summer of 1698, Mr. H. H. Haydcn worked out in detail the sequence of the 
older beds in Spiti, paying special attention to the palaeozoic group. A short 
summary of his results was published in the General Report for 1898-1899 (pp. 46 — 
50). In May 1899 Mr. Hayden returned to Spiti accompanied by Dr. A. v. 
Rrafft Nearly the whole district was mapped by the two officers, the sequence of 
beds examined in as great detail as the time available would permit, and a large 
collection made from several f ossiferous horizons of the anthracolithic series. The 

1 F. Stvlittlo, Gcologtoal notion* acron the Himalayan Mountains from Wa»gta Wtigt om tie rifer SaOtj to 
Suntrfo oo the India, Man- Uool. 8urv. of India, vol. V, pu 1, pp. S8— 80. 

> C. L. Oriuttcl, Otology of tot Cartral Himalaya* MJtm, vol XXIII. 1891. pp. 8l2-«2S. 
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material described ia the present memoir consists of the anthracolithic fossils from 
Hayden's and A. t. Krafft's collections. 

Mr. H. Hayden gave the results of his observations in Spiti in a paper which 
was published in the genoral Report for 1899-1900 (pp. 189 — 199). The following 
is a summary of the chief points concerning the stratigraphies! features of the anthra- 
colithic system. 

In the development of this system two " faciea " may be distinguished. In the 
"southern faoies Muth section— the unfoasiliferous white quartzite ia overlaid 
by a few hundred feet of grey, flaggy limestone (8a, Griesbaoh), which is separated 
from the overlying permian Kuling series by a thin bed of conglomerate Within 
the Kuling series [setuu atricto) two rock-groups can be distinguished, a lower 
calcareous sandstone and an upper group of shales, which yielded Ammonites of the 
genera Cyclolobus and Xenatpit. These shales are considered as identical with the 
Productus shales of Johar and Painkhanda. The Cephalopoda-bearing horizon is said 
to be situated thirty feet below the Otoceras beds. 

In the " eastern facies " the grits and conglomerates underlying tho calcareous 
sandstones at the base of the Ku lin g shales increase in thickness and pass down into 
several thousand feet of alternating shales and quartzites. Neither tho white 
quartzite nor the overlying limestone of Muth (8a, Griesbach) aro seen. The series 
attains an enormous development in the lower Spiti Valley, its total thickness being 
not less than 3,000 feet. 

Fossils occur at three horizons, situated at about 500, 1,000 and 1,600 feet re- 
spectively below the Kuling or Productus shales. The two upper horizons havo been 
called " Fenestella beds " by Hayden on account of the large number of Bryozoa 
abounding chiefly in tho uppermost horizon. The Fenestella beds consist of dark 
slates, and have been correlated provisionally with the Zewan or Barns beds of 
Kashmir by Haydon. The lowest horizon, which is best exposed in the vicinity of 
Thabo, consists of dark-grey and black shales, and contains numerous plant remains. 

Tho most characteristic feature in tho anthracolithic system of Spiti is the 
presence of an unconformity, occurring at the base of the calcareous sandstone, 
which everywhere immediately underlies tho Productus shales. 

" This unconformity has been traced throughout the whole length of Spiti and 
Northern Bashahr. In Spiti the characteristic facies of the upper palaeozoic is the 
southern of 8toliczka, viz., the white (Muth) quartzite overlain by a relatively small 
thickness of grey limestone, upon which the permian sandstone rests unconformably. 
At the head of the Thanam Valley the limestone gradually disappears and the 
sandstone lies on the white quartzite, which, however, as the outcrop is followed 
from west to east, also dies out, and so on with the underlying beds until the permian 
sandstone is found resting with apparent conformity on the red silurian quartzite. 
Higher beds then gradually re-appear, and at the Hangrang pass, between Sungnam 
and Hango, the sandstone rests on the lower beds of the upper silurian limestones. 
North of Hango tho white (Muth) quartzite is again seen in small patches, gradually 
increasing in thickness, till above Lio in tho valley of the Lipak river, what 
appears to be a complete section of tho carboniferous and permian beds is found. 
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The section tip to tie top of the Muth quartette is perfectly normal ; then follow in 
amending order-^ 

• 

(a) Grey limertone (&>, of Griwtoh). 

(*) AlUrottiiig bed* of limertooe, shtle tnd qwUito, with ft bard, tliin bed of oon- 
glomerftte. 

(e) Thick maw of hud, dark limeatone, with coma flaggy sanditonee aud ilktei. 
{d) Shah* »»d quartzitea (the outer a facie?) . 

{«) Conglomerate* tod griti pawing op itrW drkartoas raradstoos (pennW). 
(/j Products «h»tet. 

"This is probably the most complete section of carboniferous and permian 
beds yet known in the Himalayas, and the total thickness from the base of the 
Muth quartzite to the base of the Productus shales is certainly not less than 5,000 
feet," 

Among the materials collected by H. Hayden and A. v. Krafft fossils are 
represented from the grey, flaggy limestone near Muth (80, Griesbach), from the 
plant-bearing shales near Thabo, from the Fenestella beds of Po and of the Losar 
Nullah, from the Calcareous sandstone and from the Ruling ( Productus) shales. 
The fossils from Hayden's sub-division c are, as a rule, too badly preserved to allow 
a specific determination. But some of them strongly resemble forms from the grey 
limestone (8a). 

As at least two faunae— one from the horizons below the great unconformity, and 
the other from the calcareous sandstones and shales above that unconformity— can 
be separated with precision, I have resolved to describe the fossils from these two 
main divisions of the anthracolithic system quite separately. I shall have again 
occasion to refer to this subject when discussing the problem of correlation of the 
different groups of this system as established by Hayden. 



A. FOSSILS PROM THE LOWER DIVISION OP THE ANTHRACO- 
LITHIC SYSTEM. 

{Below thb ©beat uncompoemitt— qeet, flaggy limestone (80), awd Fenbs- 

TELLA BEDS.] 



LAMELLIBRANCHIATA. 

The materials collected by H. Hayden and A. v. Krafft are so scanty and so 
imperfectly preserved that no idea of the real character of the bivalve-fauna can be 
formed. With rare exceptions, one fragmentary specimen only is available for the 
description of a species. In none of them are the characters of generic importance 

> Hfdt* in " G««al B*rtrt " far 18W-190O, p. 18*. 
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accessible to observation. Thus I must bo satisfied with determinations which can 
only indicate approximately the real affinities of the shells. Another reason which 
renders the majority of fragmentary examples unfit for determination is their 
marked difference from any species hitherto described. As they probably belong to 
new species, I have purposely excluded them from a special description, because 
their imperfect state of preservation does not render them worthy of a specific 
denomination. 

From the flaggy limestone of Mnth (80, Griesbach) an indeterminable fragment 
of Pecten or Aokulopecten has been collected by A. v. Krafft. The list of Lamelli- 
branchiata from tbe Fenestclla shales is a little larger. From this horizon tho 
following forms may be quoted :— 

Avicolopectex sp. ind. ex aff. A. memali, Salter, PI. VII, fig. 22. 

This species is represented by a single, fragmentary left valve, the wings of 
which have been partly broken off. 

In its shape and sculpture it exhibits a remarkable similarity to Avicu-lopecten 
hiemalis, Salter, and its allies. It is only very slightly inequilateral, and consi- 
derably longer than high. The apex is roughly median in its position, well in- 
curved, distinctly prominent and pointed. The apical angle is considerably smaller 
than in A. htemnlti and much more so than in A. Koktcharofi, Vern. The marginal 
edges, separating tho apical region of the shell from the wings, form a distinctly 
omarginated curve ; this is especially so in the case of the anterior margin, which 
slopes as a perpendicular wall towards the surface of the corresponding wing. 

Of l>oth wings only small fragments have been preserved. The character of the 
marginal edges, separating them from the apical region of the shell, unites with 
the broadly curved ventral margin in a sharp angle. 

In its ornamentation the present species appears to be so closely allied to 
Aviculopecten hiemalit, that differences can only be noticed in the minor details. 
Three different classes of ribB may be distinguished, according to their length and 
strength. The ribs of the third class are more regularly intercalated between those of 
the first and second classes than in A. hiemalit. The concentric sculpture is only 
very delicately marked. The ribs are perfectly smooth and devoid of any nodular 
elevations. 

The measurements of the present specimen are as follows :— 

Entire length of tbt <b«U 81 mm. 

» hnight „ „ . . . . . . . . 28 „ 

Thickness of Uie left valve 8 „ 

Apical angle . . . . . . . , . 74° 

Locality: number of specimens examined. -Low Nullah : 1. (Coll. Hayden 
and Krafft) 

Remark:— The fragmentary state of the wings does not permit me to determine 
satisfactorily the affinities of the present species to A t hiemalit. The difference 
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in the apical angle and in some details of minor importance precludes such an 
identification. In my memoir on the fauna of the permian Productus shales of 
Garhwal and Eumaon (pt. 4 of the present volume, p. 12) the relations existing 
between A. hiemolU, Salter, A. Kokscharofi, Vern., A. Draschei, Toula, A. Sove'i, 
Vera., and A. agpptiacvs, Walthcr, have been fully discussed. All those species can 
put in a claim for closer comparison with tho present for ji, though the latter is 
certainly not identical with any of 1 



Avictjlopecten sp. ind. (?) aff. A. mobaueksis, Waagen. 

A fragment of the ventral portion of a single right (?) valve exhibits in its 
sculpture a marked resemblance to Aticnlopeoten morahensti, "Waagen (Salt Range 
Fossils, Pahcont. Indioa, ser. XIII, vol I, Productus Limest. Fobs., p. 308, PI. 
XXIII, fig. 8), from tho middle division of tho Salt Range Productus limestone. 
The ornamentation consists of sharp, radiating oostee of unequal strength, which are 
crossed by very numerous lamella? forming ogival or zig-zag vaults on the roof- 
shaped folds. 

LocaRty : number of specimens examined.— THorth of Po : 1. (Coll. Haydon.) 



Myalina sp. ind. aff. bectbvirosteis, Meek and Worthen, VL VII, fig. 23. 

* * 

There is a strong resemblance between the right valve of a mytiliform shell 
from the Fenestella beds of Po and some carboniferous species of the genus Myalina, 
de Koninck. My specimen corresponds in its general outlines with those bivalves for 
which L. de Koninck proposed the above generic name in 1812. It is a little longer 
than high, obliquely elongate, narrowed anteriorly, expanded posteriorly. Beak 
acute and corresponding to the anterior termination of the hinge-line. Anterior 
margin obliquely truncated, with a small sinuosity in front. Posterior margin 
arcuate, uniting with the ventral margin in a regular curve. Ventral margin short 
and rounded. An ill-defined elevation extends from tho umbo to the ventral 
margin. 

The surface is ornamented with numerous concentric, imbricating ridges. 
The identification of this specimen with Myalina is by no means certain, the 
cardinal apparatus not being known to me. The remarkable flatness of the shell 
is not, however, opposed to this identification, the right valve being always the 
flatter in inequivalve species of Myalina, as in M. reovrvirostris, Meek and 
"Worthen (Geol. Survey of Illinois, vol. II, Pakeontology, p. 344, PI. 26, fig. 9). 
It is to the right valve of this species, from the upper coal measures of Illinois, 
that the present shell seems to be most nearly allied. The remarkable curvature 
in the apex of the American species is restricted to the left valve. 

Locality : number of specimens examined.— North of Po : 1. (Coll. Krafft.) 
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FOSIBONOVTA. sp. ind. 

I find great difficulty in referring several indistinct casts, haying a strongly 
marked ooncentrio ornamentation, to their proper genera. One specimen from Po 
seems to agree pretty well in its characters with Poailonomya. The flat shape 
and circular outline, the absence of wings, and the small size of the slightly elevated 
beak, speak strongly in favour of this identification. Posidonomya eonttricta, L. de 
Koninok (Panne du oaloaire carbonifere de la Belgique, Annates, Museo dliist. nat 
•de Belgique, T. XI. pt. V, p. 183, PL XXXI, figs. 19, 20), is probably a nearly allied 
species. 

Locality : number of gpecimens examined.-' North of Po -. 1. (ColL Harden.) 



BRACHIOPODA. 

PaoDTJCTCs HN8A.TT38, Waagen, PI, VII, fig 1. 

In my memoir on the fauna of Ohitiohun No. I (pt. 3 of the present 'volume) 
Productus cora, d'Orb, and P. lineatm, Waagen, have been adopted in the sense in 
■which these names have been employed by the Russian geologists. The classification 
of species belonging to the group of P. cora, has been recently discussed by 8ohelln ion 
(AbhandL E. K. geol. Reichs-Anst., XVI, 1900, p. 41), who came to the conclusion 
that neither the presence of a sinus nor of spines can be considered as specific 
characters of distinction, as had been suggested by AVangen. 

Transitional forms between P. lineatm and P. cora were discovered by myself 
in the Chitichun fauna and recorded likewise in the permocarboniferous fauna of the 
Eastern Alps by Schellwien. The presence of transitional forms between the spine- 
bearing P. lineattu, Waagen, and P. Neffedieci, Vem., without spin ess, has been 
recorded by Nikitin- in his memoir on the upper carboniferous fauna of the gshelian 
etage (Mem. Com. geol.* 1890, vol. V, No. 5, p. 153). Nor is the absence of spines a 
common character in all types of P. Neff'edievi, Vera., and P. corntgatus, M'Coy, 
of lower carboniferous age, notwithstanding Waagcn's statement to the oontrary. 
L. de Koninck (Monographic des genres Productv* et Chonetes, p. 52), in uniting 
P. corrngatta and P. Neffedievi with P. cora, specially remarks that in the latter 
types Bpines are not altogether absent, and that one of his specimens from the moun- 
tain limestone of Ratingcn was covered with even a larger number of spines than 
d'Orbigny's typo-specimen of P. cora from Tarbichambi in Bolivia. 

Thus a separation of species belonging to the group of P. cora, d'Orb., based on 
the absence or presence of a sinus and of spines, is no longer tenable. Nevertheless 
Sohellwien recommends the distinction of some wcll-characterhsed local varieties by 
special names. Whether a specific or only a varietal rank ought to be granted to 
auch types, is a question of minor importance. 
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Among all the varieties of the group of P. eora none is better marked than 
P. lineatw, if this name is restricted to Waagen's type-specimen* from the Salt 
Range Produotus limestone. These types are distinguished by their strongly 
enrolled apical region, by their elongate outlines, and by their 'square trans- 
verse section, with a flattened median and very steep lateral parts. If the species is 
taken with this definition, as proposed by Sehellwien, neither the fossils from 
Mjatachkowo, which hare been figured by Trautsohold, nor any of my Chitichun 
types can be placed among its synonyms. If we adhere strictly to Sohellwien's 
definition- and this, indeed, I consider the only way to avoid confusion— barely 
one single name can be left in the long list of synonyms enumerated by Waagen 
and by myself in tho third part of the present volume (p. 14). 

In the anthracolithio sysfcom of Spiti, the true P. lineatu* is represented by a 
large and well-preserved specimen, in which all the leading features .of the Salt 
Range species are excellently developed. This specimen is considerably longer than 
broad, strongly enrolled and square in section. The transverse section of its visceral 
portion is almost quadrangular. The flat median part and the perpendicular lateral 
parts unite in sharply curved angles. A shallow impression along the median 
line of the visceral region gradually disappears in the vicinity of the front. 
Small wings were probably present in the unbroken specimen, but have been 
broken off in tho fossil. The strongly incurved beak is distinctly bent over the 
straight hingo-linc 

The surface of the ventral valve is covcrod by very numerous and radiating 
strife. The strisa arc all straight and very regular, thus differing remarkably from 
the irregular ornamentation noticed in P. tenuittriatui, Vera., and also in some 
varieties of P. cora. Spines aro ontiroly absent in my specimen. Not even in the 
vicinity of the hinge-lino is there any indication of spines or tubercles. 

Of the dorsal valve the impression of the cast has been preserved, but not; in its 
regular position attached to the ventral valve. It is concave in the visceral portion, 
with an impressed apical region and a moderately prominent, though flatly arched, 
median fold. In the vicinity of the margins the valve is distinctly geniculated. 
From its outlines the presence of a large trail in the opposite valve is obvious. The 
ornamentation consists of radiating stria?, which augment by bifurcation, or by 
intercalation of new ones, and are crossed by less numerous, but sharply marked 
concentric lines. These concentric lines are most strongly developed on the wings, 
which, however, in our specimen are only fragmentarily preserved. 

The measurements of my specimen are as follows : — 

Length of the ventral valve in a straight Ilue . . .67 mm. 

„ ,, „ „ along the com . . . . 100 „ 
Breadth of the rentral valve .... ca. 50 „ 

Locality and geological portion: number oj tpedment exa m ined. — Grey,. 

t « 
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flaggy limestone (8a), 203 foct above base of the white quarteite, north-west of 
Muthjl. (Coll. Krafft.) 

Pemarktu— Produetua lineatus, if taken in the sense attributed to this form 
by 8chellwien, is a species of a narrower geographical distribution than P. cora. It 
has been quoted by Waagen from all divisions of the Salt Range Produetua limestone, 
where, according to Noetling, it is commonest in the " sone of Produetua lineatus " 
of the upper Productus limestone (Ghideru group of Noetling). According to 
Tschernyschew the species is also represented in the Uralian Schwagerina limestone 
of upper carboniferous age. 

PaODUCTUS Bp. ind. (group of SBHiaBTICTIATl). 

In A. v. Kraff t's and Hayden's collections there arc numerous specimens of a 
large species of Product us belonging to the group of semireticuiati, but unfor- 
tunately they are all casts of dorsal valves only. They are either flattened or 
slightly concave in the visceral region but abruptly curved, parallel to the opposite 
valves, in front. A mesial ridge is only faintly indicated. The valves are of about 
equal length and width and provided with a hinge-line which is considerably shorter 
than the greatest breadth of the valve. 

The surface is ornamented with numerous radiating ribs, which increase in 
number by dichotomy, and become considerably coarser near the margins. This 
system of radiating costse is crossed by delicate concentric wrinkles. Thus a very 
neat reticulation is formed but is restricted to the visceral portion of the valves. 
On the geniculatcd part of the valve the sculpture consists of the coarse radiating 
costs only. 

In one of my specimens the internal characters are partly accessible to obser- 
vation. A short bipartite cardinal process is supported laterally by two horizontal 
ridges extending along the hinge-line, and is continued along the inner side by a 
sharp median septum. This median septum can be traced for a short distance only, 
its continuation having been broken off in my specimen. It does not bear any 
groove or impression in the middle. 

After numerous careful comparisons I have been unable to arrive at any satis- 
factory conclusions with regard to the specific relations of my Himalayan specimens. 
At first sight they recall some of the densely ribbed species of the group of P. semi- 
reticulata* with geniculate dorsal valves, such as Product us inflatus, McOhesney, 
but they evidently differ from all of them in subordinate details. 

Without complete specimens at hand I hardly feel justified in identifying my 
Himalayan species with any of the numerous species of Productus of carboniferous 
or permian age. I even suspect that it will be found distinct from all the allied 
forms. 

Locality and geological position : number of specimens examined. — Grey, 
flaggy limestone (8a, Griesbach), north-west of Muth, and dark limestone (horiaon 
c in Hayden's sequence) : 6. (Coll. Krafft and Hayden.) 
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PKODTJCTTJS tJHBATOS, Defrance. 

1843. Fradntitu Wo/», L. d« K -ninek. Daaorlption it* mUmox few. du Tmli oarbouilir. d« Balgiqaa' 
p. 166, PI. XII, fig. 2 

For a complete list of synonyms I refer the reader to my memoir on the 
Anthraoolithic fossils of Kashmir and Spiti, pt. 2 of this voL, p. 23. 

The cast of a fragmentary dorsal valve is referable to this species. It strongly 
recalls the smaller of the two examples from Eishmakam, which have been figured 
in the above memoir (PI. I, fig. 10), but is of nearly equal length and breadth. 

The valve is distinctly concave, with a deeply excavated apex, with ill-defined 
auricular expansions, and without a median fold. Hinge-lino shorter than the greatest 
width of the shell. The ornamentation is exactly the same as in my Himalayan 
specimens from the Zewan beds of Kashmir. Both the thread-like, radiating striatums 
and the concentric lamellae, which impart to the surface of the valvo a terraced 
appearance, are very delicate. No traces of spines have been noticed. 

Locality and geological position : number of specimen examined.— Fenestella 
shales, Losar Nullah : 1. (CoIL Krafft and Hayden.) 

PaoDucrus scABBicui/cs, Mart., PL VII, figs. 15, 16, 17. 

1843 Product™ tabriculut, L it Konlnck. Dan. da anlmaox Urn. da larr. carbon, da Beigiqa*, p. 190. 
PI. XI. fig. J. 

For a complete list of synonyms the reader is referred to my memoir on the 
Anthracolitbic fossils of Kashmir and Spiti (pt. 2 of this vol.), p. 20. 

In Hay den's and A. v. Kraft's collections from the Fenestella shales of Spiti 
a species of Product** belonging to the group of "jimbriati " is rather largely 
represented. The materials of this species of Product us contain a developmental 
series, leading from the true Productm ncabriculue, Mart., to a form bearing much 
external resemblance to P. Humboldti, d'Orb., and its allies. 

My specimens, which consist both of ventral and dorsal valves, are very variable 
in size and outlines, but generally broader than long, and provided with a short hinge- 
line, which never equals the width of the shell. All the ventral valves are provided 
with a distinct mesial sinus, which in some eases is of moderate depth. In the speci- 
men illustrated in fig. 16 the strongly incurved and attenuated beak overlies 
the hinge-line. In this perfectly preserved example not the slightest trace of an 
area is visible. In the group of P. Humboldti a small area is usually developed, 
and in exceptional types may even attain to considerable dimensions, thus producing 
a certain resemblance to Strophalosia. But this tendency to develop an area has 
not been noticed in any of the specimens of Producttu from the Fenestella beds of 
Spiti. 

The ventral valve illustrated in fig. 15 may be regarded as a typical representa- 
tive of the true P. scabriculua. Its sculpture consists of numerous moderately 
strong, radiating ribs, swelling out at considerable intervals into elongated 
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protracted tubercles. This radial sculpture is crossed by a more delicate concentric 
ornamentation in the apical region and in the vicinity of the small, pointed wings. 
In its sculpture this type agrees most nearly with the Russian example of P. 
tcabriculut, which has been described and figured by E. de Verneuil (Geologie 
de la Rusric d'Europe, vol. II, Palebntologie, p. 27, PI. XVIII, fig. 6). 

A second specimen (fig. 16), which is represented by an almost complete ven- 
tral and dorsal valve, very closely approaches the Artinskian type of P. tcabriculua 
as illustrated by Th. Tschcrnyschew (Mem Com. gebl. St. Pe'tcrsbourg, vol. Ill, No. 4, 
Taf. VI, fig. 12). Its ribs are less strongly marked and the elongated tubercles are 
arranged at shorter intervals. This type is connected by intermediate forms with 
the example illustrated in fig. 17, which bears much external resemblance to 
P. Hwnboldti, d'Orb. In the latter example tho continuous ridges, by which the 
swollen-out, alternating, elongate tubercles are connected, become so delicate, that 
the shell no longer has the appearance of being ribbed as in the true P. tcabriculut, 
but appears to be covered with numerous isolated tubercles only, exhibiting an 
indistinctly quincunoial arrangement. Notwithstanding this external resemblance, 
the figured specimen differs sufficiently in sculpture from all the species of the 
group of P. JItmboldti, to render distinction easy. P. Abichi, Waagcn, which 
approaches our specimen in the shape and size of the protracted tubercles, 
is readily distinguished by tho presence of a marginal zone of- closely packed 
pustules, whereas in my example the sculpture of the visceral and marginal regions 
is identical. Another point of difference is the arrangement of tubercles in a regular 
quincunx in P. Abichi. In my specimen this quincuncinl arrangement is obscured 
by the presence of radiating ribs, which though very faintly marked are clearly 
indicated by their swelling out into elongated tubercles at short intervals. This 
arrangement of the single tubercles along radiating lines is likewise developed in 
the true P. Bumbotdti, d'Orbigny (Voyage dans l'Amenque Meridionale, T. Ill, 
ptie. 4, Paleontologic, Paris 1842, PI. V, fig. 6). P. Utmboldti, d'Orb., which 
is certainly distinct from P. Humboldti, Waagen, from the Salt Range Productus 
limestone, differs, however, remarkably from my Himalayan specimen in its 
shorter and much more closely clustered tubercles, in the ornamentation of the 
marginal eone of tho ventral valve, and in the presence of strong, concentric 
ridges. 

The dorsal valve is very slightly convex in the middle, with concave depressions 
near the margins and along the hinge-line, and with an obscurely defined mesial 
elevation. The apex is distinctly excavated, and on both sides of it low, diverging 
folds originate ; these separate the flat or slightly concave wings from the visceral 
portions of the valve. The sculpture is more delicate than in the opposite valva It 
consists of very numerous tubercle-pits and slender spines, which are arranged 
along indistinct radiating striae or furrows. This radiating sculpture is intersected 
by a concentric ornamentation which covers the entire surface of this valve. 

In the specimens illustrated in figs. 16 and 17 the internal arrangement of the 
dorsal valve is partly exhibited. The trifid cardinal process is supported by two 
horizontal ridges extending along the hinge-line, and is continued towards the 
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Interior of the valve by a strong median septum. This median septum is divided 
for a short distance, by a deep impression, into two separate ridges. The bipartite 
character of the median septum has been regarded by Davidson as a constant 
character of specific value in P. tcabricultu. It is absent in the Salt Range species 
of the group of P. Stmboldti, which have been described by Waagen. 

The measurements of my most complete specimen (fig. 16) are as follows :— 



Length of the .hell [ ! 58 T 

Greatest breadth of the •ball ...... S3 „ 

Lpngth of the hinga-line . . . . . 83 „ 

Thickneim of both valves . . . . . . 19 „ 

Length of the doml valve . . . . ST 



Locality and geological position : number of tpecimetu examined. — Fenestella 
shales, Po, 4 (coll. Krafft) ; Losar Nullah, 11. (Coll. Hayden and Krafft.) 

Remarkt.— The identity of the Himalayan specimens with P. tcabriciUtu 
appears to be pretty certain, at least in the case of those examplos in which strong 
ribs are distinctly developed. In some of the more strongly weathered casts of tho 
ventral valves the ribbing so far predominates over the partly destroyed tubercles, that 
without a careful examination they may be mistaken for casts of P. ae nireliculatu*. 
From such types with coarso ribs, from which tho protracted tubercles originate, 
to those forms in which the ribbing is by far inferior to tho tubercular element of 
ornamentation, many intermediate forms have been observed. 

If a varietal designation should be considered appropriate for such forms, the 
prototype of which has been illustrated in fig. 17, the name Products tcahriculiu 
var. tpitieiuia might be proposed. 

Prodttctcs Nystiajtos var. loping bjisis, Kayser, PI. VII, figs. 18, 19, 20. 

i 

1SSS. ProJmttw NftHawu w. lop'ngtmtit, K»jwr. OtaewbonUcb* Pisne t^d Loping. RtchtMea'i 
-Cblo»" IV, p. 187, T»f. XXVIII, fig.. 1-6. 

This is the commonest species among the Brachiopoda of the Fenestella beds 
of Spiti. It is very numerously represented among tho materials collected by 
Hayden and A. v. Krafft in the vicinity of Po, but most of the specimens are 
either fragmentary or deformed by crushing. Nevertheless the examination of 
several better preserved specimens has convinced mo of thoir identity with the 
Chinese variety of Product u« Nystiantu, de Kon. Tho most satisfactorily preserved 
examples agree very olosely with the figures and description of this shell given by 
Kayser. 

Only ventral valves have been available for examination. The few fragments 
■of dorsal valves which occur among my materials are too indifferently preserved to 
allow any of their characters to bo established with certainty. 

All my specimens arc small, none of them exoeoding 15 mm. in length and 
20 mm. in width. They are of semicircular or quadrate- rottindate outlines, and 
always more or less transversely elongate. The specimen illustrated in fig. 19, 
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the normal, that illustrated in fig. 18, an exceptionally 
form. The straight hingo-line either corresponds to the greatest width of the shell, 
or is only slightly shorter. Its cardinal edges are sharply rounded. 

In most of the crushed specimens only the flattened or moderately convex 
visceral portion of the ventral valve is accessible to observation. It is provided with a 
very small slightly incurved apex, which projects barely beyond the hinge-line. 
The auriculate expansions are distinctly developed, flat, and often separated from the 
remainder of tho shell by a kind of groove or furrow. The surfaco is covered with 
numerous concentric wrinkles of very irregular strength and arrangement. The 
wrinkles are often undulating and interrupted at irregular intervals by stout, coarse 
tubercles or by deep impressions. Tho wings are generally free from tuborolcs, 
being ornamented only with delicate concentric stria?. Notwithstanding the great 
variability in the sculpture, its pattern is constant in all my specimens, and 
constitutes a very characteristic feature of this interesting species. 

On three specimens I have succeeded in chiselling out the marginal portion of 
the ventral valve. These specimens clearly exhibit the remarkable geniculate char- 
acter of the ventral valve in P. Nyttiamu. The shell is abruptly bent at a right 
angle towards the margins. Thus a steep trail is formed, which surrounds the visceral 
region of the valve and unites with the latter in a sharp, slightly elevated edge. 
This anterior or bent portion of the valve is broadest near tho front, but gradually 
diminishes in width towards the cardinal edges. It is nearly smooth, interrupted 
only by a very few longitudinal ribs, and by numerous but very delicate 
pustules. 

My specimens agree with the Chinese variety of P. Nyttianm in those characters 
which distinguish it from tho European types of L. de Koninck's species, from tho 
mountain limestone of England and Belgium. Such characters are the presence 
of a sharp edge, in which the marginal and visceral portions of the ventral valve 
unito, and of numerous spines, which are not restricted to the cardinal region. Tho 
illustration in fig. 20 shows a specimen imbedded in the matrix and surrounded by 
long spines all around its margins. 

The measurements of a typical specimen (fig. 19) are as follows : — 

Entire length T - ... „ J 15 mm. 

Entire breadth) 0 ' ^ • h » U • ' • ■ t 19 „ 

ThicicneM of the ventral valve 5*5 „ 

Breadth of the marginal trail 3 „ 

Locality and geological position : number 4 
shales, Fo : 26. (Coll. Hayden and Krafft.) 



Deubiia cf. senilis, Phill., PI. VII, fig. 13. 

For a list of synonyms tho reader is referred to my memoir on the Anthracolithio 
fossils of Kashmir and Spiti (pt. 2 of this volume), p. 52. 
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A mull number of specimens from Hayden's and Krafft's collections, consisting 
of ventral and dorsal valves attached to each other, are very closely allied to this 
well-known British species of carboniferous age. The appurtenance of the Himalayan 
examples to Waagen's genus Derbyia is pretty certain, the characteristic median 
septum of the ventral valve being visible through the transparent shell in one of my 
specimens. All my examples are of small size, nearly semicircular, and with only 
slightly inflated valves. The hinge-line is shorter than the greatest width of the shell 
and terminates in obtusely rounded cardinal angles. 

The ventral valve is slightly but regularly oonvex throughout, without any 
mesial furrow or sinus. The dorsal valve is moderately convex. Both valves are 
covered with numerous strong, radiating cost®, which increase in number towards 
the margins either by dichotomy or by intercalation of new ribs. In their 
ornamentation my specimens do not agree perfectly with any of the British 
types figured by Professor Davidson, nor with any of Waagen's so- called species of 
the group of Derbyia senilis from the Salt Range Productus limestone. Their costse 
are coarser, lass numerous, more regular and not wrinkled. They are only very 
rarely intersected by regular concentric ridges of growth. 

Every paleontologist, who knows the extreme difficulty of distinguishing the 
several species within the genus Derbyia, will appreciate my reasons for making no 
attempt to identify my Himalayan examples with any of them. Their ornamentation, 
indeed, does not agree sufficiently well with that of D. senilis to allow of certain 
identification. On the other hand, the differences arc too small to be of specific 
importance. I consequently prefer to place these shells for the present provisionally 
under Derbyia of. senilis. 

The measurements of the figured specimen are as follows : — 

Entire length •» rl8 mm. 

„ breldth} • • • • I* 1*1 „ 

Length of the dorsal Talve ..... . 16*6 „ 

Thicknew of both valve* 8 „ 

Length of the hinge-line 17 „ 



Locality and geological position: number of specimens examined. -Flaggy 
limestone (8a, Griesbach), north-north-west of Muth: 3. (Coll. Hayden and 
Krafft.) 

Remarks.— Besides these three specimens, which might be referred to Berbyia 
senilis with great probability, there is a very large number of single ventral and 
dorsal valves of Derbyia among Hayden's and Krafft's collections from the flaggy 
limestone of Muth and from the overlying horizon of shales and limestones. Some of 
the strongly inflated dorsal valves might be compared with D. crassa, Meek. The 
difference in the ornamentation of my Himalayan examples clearly shows that 
more than one species must be represented in the fauna of the limestone 8a, but 
it seems to me quite impossible to arrive at any satisfactory conclusion regarding 
their specific rtlations. 

0 
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Spibigeba (Athtbis) of. fioTasn, Lev., PL VII, fig. 14. 



It is with all reserve that I attribute a small example of a Spirigera to this 
species, but this identification wQl hardly be considered correct by those palaeonto- 
logists who are inclined to follow L. do Koninek's views regarding the advisability 
of a very narrow circumscription of species in tho genus Spirigera. 



equally inflated valves. In the ventral valve an indistinct sinus is faintly indi- 
cated. Consequently the corresponding curve in the front line is very shaDow. The 
beak is thick,- only slightly prominent, and truncated by a moderately large foramen. 

The surface of the shell is covered by numerous concentrio lamelbe of growth. 
The shell has been perfectly preserved in some parts of the dorsal valve. Thus 
I have been enabled to ascertain the entire absence of the peculiar ornamentation 
which is a leading feature in the permian Spirigera pectinifera, Sow. With this 
species, the smaller forms of the Productus limestone — those without a distinct 
sinus — have beon identified by Waagen. The 8alt Range specimens quoted by 
Waagen under the latter denomination differ, however, from the present example 
by their remarkable sculpture. 1 

Notwithstanding the similarity of the Himalayan specimen with shells which 
have been referred to one or other of the synonyms of Sp. Soguii by several 
palaeontologists, it must be borne in mind that determinations of young individuals, 
like the present one, always remain somewhat doubtful since some species of Spirigera 
do not develop their distinctive features before having reached their full-grown stage. 

The measurements of the figured specimen are as follows :— 



limestone (9a, Griesbach), north-west of Muth : 1. (Coll Krafft) 

8pibifeb cf. 8tbakowatsi, Yerneuti, PL YII, fig. 8. 

1845. Spinftr 8tn» S aayii, B. d« VnneniL Gtfologit it U RbmU d' Sirapr, to) II. pt. S. FiI&lWo,™., 
p.lS4,Pl.VJ.S«L 

1678. Spirit* Stmnfmiin, TWiebold. Di. Kftlkkrowh* *«B Mi»t»I.koi», II, Th.p TS,T«f. VIII, tg. 4. 
1860. Spiriftr Sm.gweyn, Hikitin. ttin. Com. Gfel. St Pftmfeanr. ™L V, Ho. 5, p. ««. 
1886. apiriftr Strang wry mi, U r. Ucmj. Wiwwhtftliel* BrgvtnUw i* Bti* it, Gnfeo B&r 
SvMuo) I in Ckiaiien, III, Bd. 4, Ab»h. p. 80, Tat III, fig*. 6—7- 

In Krafft's and Hayden's collection this Bpeoiea is represented only by fragments 
of ventral valves. 

The most complete example, which has been chosen for illustration, is of 
markedly transverse shape, being more than t wice as broad as long. The hinge-line 
corresponds to the greatest width of the shell. The valve is only gently arched, and is 
provided with a moderately broad and deep sinus. It originates exactly at the apex as 
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a narrow and deep impression, but increases in width rather rapidly towards the 
front There are four distinct ribs within the sinus. The lateral borders of the 
sinus are sharply marked. 

The sculpture of the lateral parts consists of single, regular ribs, which are 
rounded above and occur, to the number of twelre to fifteen, on either side of the 
sinus. The ribs and the intercostal depressions are of equal width. The area, 
though very imperfectly preserved, seems to hare been very low. 

I should certainly not have ventured on a doubtful identification of this 
specimen with Spirtfer Strangwaysi without the figures and descriptions of that 
species given by Trautsohold and L. v. Loczy. In such of its characters as are 
accessible to observation my ventral valve so strongly recalls the Chinese shells, 
illustrated by L. v. Loczy, that I am not prepared to offer any suggestion as to 
their identity other than the above. The only difference consists in the more 
highly vaulted, longitudinal profile of the majority of Locsy's examples. In this 
respect my specimen agrees more closely with the Russian shell illustrated by 
Trautsohold. 

Another species which bears a marked affinity to the present one is 
Sp. carnicm, Sohellwion (Die Fauna des Karnisohen Pusulinen Ealkes I. Th., 
Pahoontographica, 39 Bd., p. 45, Taf. IV, figs. 1 — 6). I have been able to ascertain 
this affinity by comparing my Himalayan specimens with soma of Sohellwien's type- 
specimens from the upper carboniferous Fusulina limestone of the Garnitzenhdhe in 
Carinthia. The only differences I can observe between them are the arrangement of 
ribs within the sinus — which is, however, not regular in all the Alpine examples,— and 
the slightly loss course character of the lateral ribs in my Himalayan type-specimen. 
In the pattern of its sculpture the latter chiefly agrees with Sp. camicut in the deve- 
lopment of straight, only slightly diverging ribs and the total absence of wavy costio, 
such as are seen in Sp. convolutus, Phill. Its ornamentation is much more delicato 
t.Wn in Sp. trigonalis, Mart. 

Locality and geological petition : number of tpeciment examined.—' Flaggy 
limestone (&», Griesbach) : 4. (Coll. Hayden and Krafft.) 

Spikipbr Cureohi, nov. sp., PL VII, figs. 2—6. 

18W. 8frims«k3r» CMtfiiata. Vint, (—w M«rtto). Aatkrwolllhte tamlt of Kubmir and SpiU. Ftlnrat. 

lnJ. «r. XV, Hin»a.j»« Fee., «L I, p*. t, p. 7«, PI. IV, if. S, 10. 
WOO. tyi-Mjotfyrwcf. aupidat* et 8 of. ditiaru, YUjita. Gmml Report, OmI. Sirrr. of loiu, ISSN- 

1900, p 4S. 

"When describing the Brachiopoda which had been collected in the Ruling 
series of Spiti by Stoliczka, I erroneously believed that two specimens— a ventral and a 
dorsal valve — which, however, did not belong to the same individual, were referable 
to the common mountain limestone species Syringothyria cutpidata, Mart. But a 
subsequent examination of a series of specimens, collected by Hayden and Krafft, 
has led me to infer that I was not correct in placing them among the genus (or 
sub-genus) Syringothyru, WinchelL In 1609 the scarcity of my materials available 
for examination precluded any attempt to make out the internal characters of the 

c 2 
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ventral Take. My uncertainty as to the internal arrangement of the present species 
has been recently removed by Krafft's and Haydcn's fortunate discovery of a large 
number of specimens, three of which have been sacrificed for the study of their 
internal characters. 

The following results have been obtained : — 

From the inner walls of the deltidial fissure two dental plates or septa originate, 
and strongly diverge towards the posterior margin of the ventral valve. They are 
confined to the apical region, and are extremely thickened in the vicinity of the 
beak, where they form one compact shelly mass together with the outer walls of 
the shelL As they approach the inner part of the apical region they gradually 
diminish in strength (figs. 5 a— b). In one of my examples (fig. 5) they nearly 
touch the bottom of tho valve, whereas in a second one they only reach for 
a short distance towards the posterior margin of the valve (fig. 6). A transverse 
plate or a tubular process has not been observed in any of my three specimens. 
That the absence of such characters of generic or sub-generio importance in three 
specimens is only accidental, cannot be supposed, especially if the excellent preser- 
vation of the dental lamella is taken into consideration. Thu? we must necessarily 
come to the conclusion that the present species is no Syringotkyrit, the distinctive 
features of which are entirely missing, but a true Spirifer of the group of aperturati. 

This conclusion is corroborated by the fact that the structure of the shell is 
distinctly fibrous, not punctate. It has been demonstrated by Meek (Proceed. Acad, 
of Nat. Sciences, Philadelphia, vol. IX, 2 ser. 1865, p. 275) that all species of 
Syringothyris with a transverse plate and split tube are provided with very delicate 
pores, which impart a " patoliy " panctation to their shell substance. Although 
this punctation is easily destroyed on account of the very small size of the single 
pores, its absence in so large a series of specimens as have been available to me for 
examination cannot be explained by their accidental state of preservation only, in 
several examples the surface of the shell, which had been cleared from the matrix, 
being perfectly fresh and not injured by weathering. 

Thus Hayden and I have probably been in error in identifying the present 
Hpecies with the European Syringothyrit cutpidata, Mart., as it is neither charac- 
terized by a punctate sholl-structure, nor by the presence of a transferee plate and 
tubiform process in its ventral valve. It must consequently be classed among the 
genus Spirifer, and receive [a new denomination, for which the name of Cvreoni w 
proposed. 

Although the external features of the species have been described in the second 
part of the present volume, much new information has been added by the examina- 
tion of the large series of specimens collected by Hayden and A. v. Krafft 

Ventral and dorsal valves are always found separated. I have not met with a 
single complete specimen in which tho two valves were attached to each other. 
Both valves are extremely variable in shape and dimensions. Specimens of so large 
size as those which have been illustrated in my above-quoted memoir are quite an 
exception. The ventral valve is very variable in its curve and in the width of its 
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area. Examples with the shapes of a true Cyrtina or Syringothyrit are found mixed 
together with specimens in which the area is barely higher than in many species of 
Spiri/er belonging to the group of aperturati. The acute apex is not always erect as 
in the specimen collected by Stoliczka, which has been erroneously identified with 
S. cuspidata, but slightly incurred, as in Sp. audaculut, Conr. In the majority 
of specimens the area is more or less distinctly concave, but in exceptional shapes it 
is perfectly flat and perpendicularly elevated above the straight hinge-line. The 
triangular fissure is of very variable width and height In some individuals its height 
is more than twice as great as its breadth, whereas in others it is but littlo greater. 
The sinus is always regularly rounded at the bottom, and devoid of any radiating sculp* 
ture. Its lateral borders are sharply rounded. The lateral parts are ornamented with 
a variable number of single, straight, radiating ribs with rounded tops, and becoming 
gradually obsolete in the vicinity of the wings. 

The smaller valve, which has been illustrated on PL IV, fig. 10, of the second 
part of the present volume, does not represent the typical form of the species. It is 
much more strongly convex than the majority of specimens, which are but little 
curved in either direction. On the other hand, the mesial fold is, as a rule, more 
considerably elevated above the general convexity of the valve. Specimens with 
subelliptical outlines are rare. In the majority of my examples the lateral margins 
form a convex curve to within a short distance from the cardinal angles, where they 
are prolonged with acute terminations. By this feature they are externally distin- 
guishable from S. cuspidata. 

An external feature of distinction, which is yet more conspicuous, is the presence 
of concentric laminae intersecting the radial sculpture. The specimen represented 
by the dorsal valve from Stoliczka's collection was an internal cast, on which no 
traces of a concentric ornamentation were indicated. In my present materials the 
development of lamellose concentric stria} is also very variously developed. It is 
well exhibited in the small specimen, illustrated on PI. VII, fig. 3, where as it is 
barely at all observable in the example illustrated in fig. 4. In the majority of my 
specimens this concentric ornamentation had been greatly injured or destroyed by 
weathering. 

Locality and geological position : number of specimens examined. — Flaggy lime- 
stone {So, Grieebach) and shales and limestones of the following horizon (c, Hayden), 
north-west of Muth : 42. (Coil. Hayden and Krafft) 

Remarks.— Spirifer Curzoni belongs to a group of the " aperturati " which ex- 
hibits a rather ancient aspect. We arc more accustomed to meet with similar forms 
in bods of devonian than of carboniferous age. Sp. Marcyi, Hall, Sp. ligut, Owen, 
Sp. audaculut, Conr., from the Hamilton group, and Sp. arctisegmentus, Hall, from 
the Holderberg group of the devonian system, are typical representatives of this section 
of SpiriferideB, which are most numerously developed in devonian strata but become 
already scarce in beds of tower carboniferous age. A Himalayan species of upper 
carboniferous age which appears to me closely allied to the present one is Sp. 
Lydekkeri, Diencr (part 2 of this vol., p. 72, PI. Ill, figs. 1—4), from the Zewan 
beds of Kashmir. 
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Although there is no doubt as to their being specifically distinct, they agree in 
the majority of their essential features, especially so in their outlines and sculpture. 
The lamelloae character of the concentric ornamentation ia, however, much more 
clearly developed in Sp. Lydekkeri, thus recalling particularly the Aurtralian 
Sp. Clorkei, de Koninok (Recherche* but les foes, paleozoiques de la Nouvelle Galles 

du 8ud, p. 236, PL XIII, fig. 8). 

An upper carboniferous species which bean the most intimate relationship to 
the present one will be described by Tsohornyschew as Sp. tattubentis, nov. sp. 
The illustrations of this Russian species from the Schwagerina limestone of the 
Ural Mounts on PL IX, figs. 1-3, of Tsehernysohew's monograph show no other 
difference from my Himalayan examples than a little more strongly transverse out- 
line and a less deeply impressed sinus. Otherwise they agree so perfectly, even in 
the presence of a delicate, concentric ornamentation, that the question may be 
raised whether Sp. Curzoni ought not rather to be considered merely as a variety of 
Sp. ta$tuben»is than as an independent species. This question can, however, be 
decided only with Techemyschew's type-specimens of his Russian species at hand 
for comparison. 

A species of permoenrbomfcrous &£o to which the present one might also be 
compared is, perhaps, Sp. Bittritza, 8chellwien (Abhandl. K. K. Geol. Reichs- 
Anst XVI, Taf. XII, figs. 8—7), from the Trogkofelschichten of Carniola. This 



Alpine species is probably a true Spirifer notwithstanding its external similarity to 
Syringothyrit, none of the internal characters of the latter genus having been 
discovered by Schellwien in his Carnian examples. 

In my memoir on the anthraoolithio fossils of Kashmir and Spiti I have been 
led to suppose that Stolioska's specimens had been collected from a lower carboni- 
ferous limestone, which in the Niti area occurs bolow the white quartsite of npper 
carboniferous ago. In this supposition, however, I have been mistaken. From 
Hayden's recent survey of Spiti we know that the lowest bed exposed in the section 
of Ruling is the white quartzite, and I am quite disposed to concur with Mr. Hayden 
that Stoliozka's specimens have been collected in the limestone (8a, Oriesbach), and 
that the inference of the lower carboniferous age is therefore not justified. 



SPIBHB& sp. ind. ex aft 8. Cubzomi, Diener, PL VII, fig. 7. 

This species is probably very closely allied to Spirifer Cureoni, but my materials 
arc too scanty to allow anything to bo asserted more positively, tho species being re- 
presented only by a single, though fairly well-preserved, dorsal valve. 

In its outlines it agrees exactly with So. Curzoni, but in its sculpture it iB 
distinguished by some peculiarities which forbid a specific identification. The lateral 
ribs are smaller in number, more robust and prominent, and tho elevated mesial fold 
is not smooth, but ornamented by a few ribs of equal strength. 

I know of no other species which could be more particularly compared with the 
present one than the devonian Spirifer disjunct™ var. tuleifer, Hall (Introduction 
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to the study of the genera of pabsozoio Brachiopoda, Palfeontology of New York, 
vol. VIII, Ft 2, Fl. XXX, fig. 16), and its allies. In the present specimen a sulcus 
is likewise noticed corresponding to the median line of the plicated dorsal fold. 

Locality and geological position : number of specimens examined. — Flagjry 
limestone (8a, Griesbsoh), north-west of Muth : 1. (Coll. Hayden and Krafft.) 

Spibifkr (Ambocoslia ?) sp. ind. aff. fusuormi, Phill., PL VII, fig. 12. 

Among the fossil materials collected by Hayden and A v. Krafft there is a 
single, bnt nearly complete, specimen of a smooth Spirtfer of transverse outline, with 
unequal convex valves. 

The specimen is nearly twice as broad as long. The hinge-line is shorter than 
the greatest width of the shell. Its cardinal angles are slightly rounded. 

The ventral valve is strongly inflated and provided with a thick, but little pro- 
minent beak. As it has been partly injured by weathering, the details of its outlines 
cannot be made out with full certainty. The beak bears on its dorsal side an extremely 
small triangular area, which is reduced to two narrow, flattened strips along the 
binge-line. It is not separated distinctly from the remainder of the valvo, but 
gradually passes into the lateral portions of the apical region with regularly rounded 
ridges. A very shallow and narrow sinus extends from the extremity of the beat to 
the front-margin. 

The dorsal valve is considerably less deep than the opposite one. An indistinctly 
defined mesial fold is restricted to the vicinity of the apical region. 

The surface is perfectly smooth. My specimen being a cast, devoid of shell 
substance, nothing can bo stated regarding the structure of the latter. 

The measurements of the present specimen are as follows : — 



Locality and geological position : number of specimens examined.— Flaggy lime- 
stone (8a, Griesbaoh), three feet above base, north-west of Muth : 1. (ColL Krafft.) 

Remarks. — The only species to which the present one might be compared is 
Spirifer fusiformis, Phill. Phillips' typo-specimen, as figured by Davidson (Monogr. 
British Carbon. Brachiopoda, PI. XII, fig. 15) agrees with my Bimalayan example 
in the transverse shape, the smooth surface and the unequal convexity of the valves. 
It differs, however, in the following characters : the British species is more strongly 
fusiform, the median fold of ito dorsal valve is more distinctly marked, its hinge- 
line corresponds to the greatest width of the shell and terminates in acute cardinal 
angles. Thus an identification of the two species is impossible. 

The reference of Sp. fusiformis and of the present species to the genus or 
sub-genus Amboccelia, Hall (XIII, Report, New York State Cab. Nat. Hist, p. 71), 
is questionable, as we are without conclusive evidence of the nature of the interior 
in both fossik The external similarity with Amb. Telleri, Bchellwien (Die Fauna 
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der Trogkofelschichten in den Karnischon Alpen und den Karawanken, Abbandl. 
K. K. GeoL Rcichs-Anst. XVI, p. 90, Tof. XIV, figs. 1—3), however, speaks 
strongly in favour of their appurtenance to Ambocalia. 

Mabtiniopsis cf. scBPENTAGONALia, Waagen, PI. VII, fig. 11. 

188S. Mvtiniopit tuiptntojnaii: Wugta. Skit Rug* P«m. P.liumt. India, m. X III, ml I, Pro- 
Jutu Ltawtom Pom., p. 637. PI. XLII. fig*. V. 10. PI. XMII. fig. 1. 

1901 Martimifit ntp*nt*fo*alit, Badcrl*. U«b«r •nthnaoUthiaeli* F»aa» ran B»li» Ilmk in 
KlrioMini, UcUrig* w Gml. u. P*tao«t. Ot»1err.-l'iiK»m». et«, XIII, p. 84, T»f. VII, fig. 10. 

Among the materials oolleoted in the flagsry limestone south-east of Muth by 
A. v. Krafft there is a fragmentary ventral valve of a smooth Spirtfer which exhibits 
the internal arrangement peculiar to Waagen'* genus (or sub-genus) Martiniop»i«. 
Two strongly developed dental plates distinctly show through the transparent shell 
from the apex to one-third of the length of the ventral valve. This oharacter, which 
is combined with a clearly marked, though very delicate punctation, of the shell, 
allows the present specimen to be assigned to Mariiniopsis. 

In its general shape my speoimeu agrees with Martinioptu tubpentagonalit, 
"Wang., from the lowest division of the Product us limestone (Amb beds). The ventral 
valve, which alone is available for examination, is moderately and very regularly 
curved. Although this valve is somewhat flattened aloug its middle portion, a sinus 
is entirely absent. The beak is high, prominent and moderately incurved. The 
area is marked off indiatinotly from the remainder of the shell by low and rounded 
ridges. It is interrupted in the middle by a high and comparatively narrow 
triangular fissure. I am not able to state whether a pseudodeltidium was present 
or not. 

My specimen is too incomplete to allow a definite identification. It is with all 
reserve that I venture to quote it under a specific denomination. It will at any rate 
tend to show the existence of the sub-genus Martinioptis in the anthraoolithic rocks 
of SpitL 

Rhtschonella. coNFiimNsia, 8ohellwien, PL VII, fig. 9. 

1663. J?*ywAo«W.. (P) Yii. t. MatUr. OtoL ai ptteunlol tt^uAm fa> tit Urtl Mu. (>■ 

R***.). Oonoj Jonratl. t«1. IV. PI. VII. fig ft 
1893. BkrnektmUU confinn^, 8*MU*i*ii. Dm F»»«. dm K*raiich«r Fuiulitm KiUcm, I TV, IW<d M u>- 

gopW-. XXXIX, p S4, Id. VIII, fig, 11,18. 
KM). RliymckondU kwjUmju, Scfctflwien. DiaFwa* ier Twtfk<if,*l«tidit«n 1» 4ta Karauetan Alptn 

nod im KanwMkm, Abhutdl K. K. 0*oL Rach^&uL. XVI. Heft. 1, p. OS, Tkf. XIV. figm. 8—10. 

This is perhaps the most remarkable species of Rhynchonella, and is easily dis- 
tinguished from all congeneric forms by its laterally compressed shape. A ventral 
valve of this species in a state of good preservation has been found among the fossil 
materials oolleoted by Dr. v. Krafft in the limestone north-west of Muth, 200 feet 
. above its base. 

My specimen distinctly exhibits the laterally compressed and emarginated out- 
lines peculiar to the Alpine shells. In the longitudinal direction it is more strongly 
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and regularly curved than the ventral valve which has been figured by Schcllwien. 
The beak is moderately produced, strongly compressed and incurved. In the visceral 
region a deep and narrow sinus originates, which extends to the front. It is rounded 
at tho bottom and perfectly smooth, not provided with secondary ribs as in Rhyncho- 
nella angulata, L. From tho two rounded ribs which border the mesial sinus 
the lateral parts of the valve slope abruptly on either side. Three broad ribs occupy 
each side of the lateral portions, which are deeply serrated along their margins. The 
front margin has not been preserved in my specimen, but there is reason to suppese 
that the extremity of the sinus was tongue-shaped and strongly geniculatcd. 

Although this species has only been met with in a single ventral valve, its 
characters are seen at once clear and distinct, the laterally compressed shape and the 
peculiar sort of ribbing rendering it a very conspicuous fossil. From Rhynchonella 
angulata of lower carboniferous age it is easily distinguished by its smooth sinus and 
rounded ribs. 

Locality and geological position : number of specimens examined. — Flaggy 
limestone (80, Griesbach), north-west of lluth : 1. (Coll. KrafTt.) 

Rhtnceonklla of. Wtnnbi, Waagcn, PL VII, fig. 10. 

1883. Bhnckomella Wjitiwi. Wa»g»o. Silt R»og» Fowils, PaUxratolotf. Indus*, wr. XIII, rol. I, Pr... 

dnotus Limnt. Koto., p. 432, PI. XXXIV, fig. 4. 
1900. BJtfnetomUa Wfnnti, Schellwicip. Die Plana der TrngkoftlMihichlso in dm Karaiscln Alpea u..d 

d*n K«awank«D, Abhandl. K. K. UtoJ. IUi«ln-Aatt. XVI, p. 94, T.f. XIV, 6g»- 11-13, 

The genus Rhynchonella is rather numerously represented among the fossil 
materials which have been collected by A. v. KrafTt in the limestone (&», Gries- 
bach) of M-iitb.. Most of the specimens, however, are fragmentary. There is only 
one specimen which appears to be sufficiently well preserved to allow a specific 
identification. It is most nearly allied to some of the Alpine examples which have 
been united with Rhynchonella Wynnei, "Waag., by Schellwien, but differ remarkably 
from Waagen's type-specimen of the Salt Range species by their less globular 
shape. 

Waagen's type-specimen from Kdlabagh is provided with extremely inflated 
valves of nearly equal length, width and thickness, recalling in their globular out- 
lines Rhynchopora geinitsiana, Vern. My specimen is almost twice as long and 
broad as it is thick, but, apart from this difference in tho inflation of the valves, 
agrees closely with tho Salt Range species in its other characters, especially in the 
arrangement of the mesial fold and sinus, and in its sculpture. The differences 
existing between my Himalayan specimen and the common Rhynchonella pleurodon, 
PhilL, arc the same which induced Waagen to propose a proper specific denomina- 
tion for his shall from the Salt Range Productus limestone. The lateral parts of the 
ventral valve are less strongly developed, the median fold of the dorsal valve is less 
prominent and provided with a smaller number of angular ribs, and the sinus is less 
deeply impressed* There are, however, only four ribs in the median fold of the 
dorsal valve, and seven in each of the comparatively narrow lateral parts. The ribs 
within the sinus and the dorsal fold are more strongly developed than those on the 
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lateral parte of both valves. The ribs are angular and originate near the apex. By 
this character and by the greater number of ribs, my Himalayan specimen is at once 
distinguished from B h. ao»ie»»is, Gemm., and its allies. 

The shell subst&noo has been partly preserved. It is fibrous and not punc- 
tate. Thus the specimen cannot belong to the genus Rhynchoporo, notwithstanding 
its external similarity -with Rhynchopora Xikitini, Tschern., and Rh. variabilis, 
8tuokenberg. 

The measurements of my specimen are as follows : — 



length 



^ of the shell ^ J* 



„ breadth , „ 

Length of the dorsal valve 12 5 „ 

Thicknesa of both valves ....... 8 „ 

Locality and geological position : number of specimens examined. — Dark, 
flaggy limestone (8a, Griesbach), north-west of Muth : 1. (Coll. Krafft.) 

Remark*.— A direct identification with Rhynchonella Wynnei, Waagon, is not 
advisablo, in view of the comparatively flat shape of my Himalayan spocimen. On 
the other hand it must not be overlooked that Waagen's diagnosis of his Salt 
Range species was based on a single specimen only. The larger number of examples 
which have been collected in the permocarboniferous rocks of Carniola by Schell- 
wien, convey a clearer idea of the variability of the specios. Among the specimens 
illustrated in Schellwien's memoir there is one (fig. 13) which in its shape more 
nearly approaches my Himalayan example than Waagen's type-specimen. H the 
globular shape were not to bo considered a character of specitio importance in 
Rh. Wynnei, the present specimen might be safely identified with Waagen's Salt 
Range species. 

Caxakophobia nov. sp. ind. (aff. acumixata, Gemm. ?), PI. VII, fig. 21. 

A single, partly injured, but almost complete, example of a small Camarophoria 
has been met with in the Fcnestulla beds of the Losar Valley. It certainly belongs 
to a now Bpecies, but, not wishing to burden nomenclature with a now name based 
on such insufficient materials, I prefer to quote it as sp. ind. with reference to 
Camarophoria acuminata, Gemmellaro (La fauna dei calcari con Fusulina dclla 
Valle del F. Sosio, Fasc. IV, pt. 1, p. 265, Tav. XXVH, figs. 8-13), which is 
probably among its nearest allies. 

My specimen is of pentagonal shape, equal length and breadth, and perfectly 
symmetrical. It agrees with C .acuminata in the strongly attenuated character of the 
apical region, in the very little prominent mesial lobe of the dorsal valve, and in the 
absence of a false area. It differs, however, from this species and from the nearly 
allied C. Sumbletonemis, Howse, by the small inflation of its valves, by its shallow 
frontal wave, by the development of a low depression along the median line of the 
dorsal valve — recalling some triassio species of Retsia — and by its ornamentation. 

Three ribs oooupy the surface of the median sinus and five that of the corre- 
sponding median fold. Six to seven ribs are counted on each of the lateral parts. 
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All the ribs originate in the small and pointed beak. Thus no portion of the surface 
of the shell is left smooth as in 0. acuminata, or in the congeneric species from the 
Belgian and British mountain limestone, in which the ribs generally commence at 
about the middle Of the shell. 

Of tho internal arrangement the two dental plates in the ventral valve and the 
septum, which supports the spatula-shaped process in the dorsal valve, can be dis- 
tinctly seen in my specimen. 

The measurements of my specimen are as follows : — 

Eatn. length , q{ ^ ^ ,1*5 



■ Ul S ' '\\i'b „ 

Length of the domJ mirt 12 .. 

Thicknens of both valves ........ 7 ,, 

Locality and geological position : number of specimens examined.— Fenestella 
shales, Losar Nullah : 1. (Ooll. Hayden and Krafft.) 

Remarks. — This is the only species of Camarophoria known to me in which 
a flat shapo is united with an ornamentation covering the entire surface of the shell. 
Among the congeneric species from the upper carboniferous rocks of the Eastern 
Alps and of Russia there is none which could lay claim to closer comparison. 

Camabophoma sp. ind. 

Among my fossil materials from the Fenestella shales of Fo there are numerous 
casts of a moderately large Camarophoria which in its general characters recalls 
C. Purdoni, Dav., or C. alpina, Schellw., but is distinguished from both species by 
the presence of more numerous ribs, which cover the entire surface of the shell. All 
my examples are so strongly crushed and deformed that they are absolutely unfit for 
specific determination. 

I should not have mentioned these poorly preserved casts were it not for the fact 
that casts perfectly identical in shape have been noticed by myself in sericitic slates 
and quarts sandstonesf rom the Ladakh Valley, which had been collected by Lydekker. 

In my memoir on the anthracolitbic fossils of Kashmir and Spiti I have 
alluded to the presence of badly preserved Ehynchonellidat in the Bericitic shales of 
the Ladakh Valley, which I believed to be probably equivalents of the Zewin or 
Barus beds of upper-carboniferous age. In one of my casts from the Fenestella 
shales of Po the strong dental plates of Camarophoria are visible. A subsequent 
examination of similar casts in a slab of rock from the Ladakh Valley leads me to 
suppose that the species from the Fenestella beds of Po and from the sericitic slat™ 
of the Ladakh Valley are probably identical. 



BRTOZOA. 

There is no more difficult group among the fossils from the anthraoolithic 
series of Spiti than the Bryozoa. Their exact determination is rendered almost 



HIMALAYAN FOSSILS. 



impossible by their imperfect state of preservation; In the Fenestella beds of Po 
and of the Losar Nullah remains of Bryozoa abound, but they are usually found in 
the condition of strongly weathered casts only, or of impressions loft by the removal 
and decay of the polyzoarium. With the single exception of Protoretepora ampin, 
Lonsd., I have not succeeded in finding out one single specimen, from which in- 
formation concerning the nature of the cells on the poriferous side could be gathered. 
Very little reliance, however, can be placed on the general appearance of my 
examples ot* Fenestella, tho external features of the species apparently running into 
one another in a most perplexing manner. 

To this another fact is added which renders the specific determination of Fenes- 
tella exceedingly difficult. This is the very narrow interpretation of species which 
has been introduced by Strackenberg in bis monograph on the Anthozoa and Bryo- 
soa of the carboniferous rocks of the Ural and Timan (M6m. Com. geol. St- Pdters- 
hourg, 1S95, vol X, No. 3). This interpretation of species, which has been based on 
very rich and well-preserved materials, peremptorily forbids any attempt of a specific 
determination, if one has to do with imperfect examples only. 

In tho absence of reliable characters for an exact determination of my materials 
of Fmenlellce I doomed it preferable to content myself with signalizing the presence 
of such forms among them as are most probably idontical with species from the 
Zcwfin or Barus bods of Kashmir. 

Fexestella sp. ind. aff. plibeia, M'Coy. 

1889. F$pttifUa «p. ind- *ff fointlo, Dfcnar. Anthnoolithie F>*aili of Kukmir nd Spiti, Ptlaontolofla 

Indies, ser. XV, HimxUyan How, vol. I. pt. 2, p. 83, PI. VII, Rg 8 ; PL VIU, fi ? . 4. 
1899. FeneMla ap. Ind. »ff. i»t*nata, Di«n«r. Ibidtm, p. 84, PI. VII, fig. 9 ; PI. VIII. fa. S. 

These two forms of Fenestella which have boon quoted by myself from the 
Zewan beds of Kashmir are very numerously represented among my materials from 
the Fenestella shales of Po in Spiti. Thoy are oxtcrnally characterized by a 
densely retiform appearance, by rarely dichotomising branches, and by the regular 
arrangement of the delicate, slender dissepiments and interstices, enclosing rectan- 
gular fencstrules, bordered by nearly straight bars. 

Among my materials from Kashmir the distinction of two forms seemed possible 
to me, the second differing from the first-quoted in being of a larger habit I can 
no longer maintain this view in the face of my materials from the Fenestella shales of 
Po, having before me specimens in which the characters of the two forms actually 
run into one another. The number of moshes or fenestrules which may be counted 
within the space of 5 mm. is so variable in different parts of the same polyzoarium 
that no specific distinction can be based on this feature. This number of meshes 
varies from 8 to 10 in the direction of the extension of the branches, and from 5 to 
14 in the transverse direction. 

The appurtenance of the present species to the genus Fenestella is pretty certain, 
traces of a median keel having been occasionally noticed in the hollow spaces 
left in casts of the poriferous side by the impression of the branches. 
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In my memoir on the anthracolithio fossils of Kashmir and Spiti I have compared 
this Bpeoies to two Australian ones— F. fosaula, Lonsd., and F. internata, Lonsd., as 
their nearest allies. My knowledge o£ the species is, however, too incomplete to decide 
whether some European and American species of carboniferous age, espe cially .F. pie- 
beia, M'Coy, and F. perelegans, Meek, might net bo more nearly allied. It is especially 
the common mountain limestone species Fenestella plcbeia, M'Coy (Synopsis of the 
characters of the carboniferous fossils of Ireland, 1844, p. 203, pi. XXIX, fig. 3), which 
in its external characters— fan-shaped, flat colony, rectangular fenestrules, which are 
twice or three times longer than broad, thin and regular dissepiments, longitudinally 
striated non-poriferous side of the branches — very closely resembles some of my 
Himalayan specimens. A constant difference exists, however, in the more slender 
shape of the interstices of the Himalayan species, being only one-half to one-third as 
broad as the fenestrules, whereas interstices and fenestrules arc of equal width in F. 
plebeia. A similar remark also applies to the differences between the present species 
and F. perelegans, Meek (Paleontology of Eastern Nebraska, Final Report 
upon the U.S. geol. surv.of Nebraska, by Meek and Hayden, p. 153, PL VII, 
fig. S). 

Waagen united FenesteUa fossula, Lonsd., F. veneris, Fisch., and F. jabiensis, 
Waag. et PichL, in a group of forms which he considered to be distinct from all the 
other congeneric spocies " by the circumstance that the two faces of the colony 
have very different aspects, on the poriferous side the fenestrules appearing more or 
less rectangular, whilo on the other side they appear oval or nearly circular.'" 
Etheridge, in his description of F. fossula and of tho very nearly allied F. internata 
(Palaeontology of Queensland and New Guinea, p. 217), does not allude to this 
character, to which a special importance has boon attributed by Waagen, but quotes 
F. jabiensis among tho species which he believes to be most nearly allied to his 
Australian types. If Waagen' s statement concerning the different aspect of the two 
faces in F. fosaula and in F. internata is correct, my Himalayan species could not 
be included in the samo group with them, because in this peculiarity it certainly does 
not agree with F. jabiensis. I consequently deemed it preferable to quote the 
present species as ap. ind. aff. plebeia, M'Coy, because its relationship to this European 
species appears to be more clearly established. 

The propriety of referring to FenestelUi plcbeia a spocies which had been previ- 
ously compared to F. fotsula might perhaps be questioned in the face of Etheridge's 
statoment that " tho general appearance of F. fosaula is quite different to that of 
F. plebeia," that " there is a total absence of the erect, rigid and wiry appearance so 
common to F. plebeia." In reality 1 think the two species to be very similar in their 
external shape, so far, at least, as I am able to judge from Etheridge's illustrations. 
There certainly exist differences between them as well as between F. plebeia and my 
Himalayan species, but they cannot be considered as very remarkable. 

Locality and geological position. — Common in the Fencstella shales of Po and 
of the Losar Nullah. (ColL Hayden and Erafft.) 

' W. Waagm. 8*lt IUngs FoaiiU, PtUvoDt. Indin, or. XIII, Tol. 1 Frodaetvi Unmtuna Fm, P . 779. 
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Protoretepora ahpla, Lonsdale. 

1677. FentiMla amfli, Lorii>)*l«^ in JHrwio'f Ow>l«R>cal Obterr»lion» «n tolanlo Idudt, tt&. p. 163, 
1999. Protortltp>ra arxyl", l>Wwr. Anthraeolittira foxib of Kashmir wd Spiti, Pklaont. Indies Mr. XX, 
HinuUjtn Fo«riU,T»l. I, pt. 8, p. 88. PI. VII. Eg. 10; PI. Till, fig*. 1. «. 

For a complete list of synonyms the latter memoir may be consulted. 

In the materials from tho Fcnostclla beds of tho Losar Nullah this species is 
represented by a sufficiently well-preserved example to warrant a certain identifica- 
tion. It is a cast of the poriferous side of the colony, with some fragments of the 
polyzoarium left undestroyed. It recalls the specimen which has been illustrated 
on PL VII, fig. 10, of my above-quoted memoir. 

In all its characters this example agrees perfectly with my type-specimens from 
the Zewan beds of Kashmir, which had been collected by Lydokker. 

Locality and geological potition : number of tpeeimetu examined.— Fernee- 
tolla beds, Losar Nullah : 1. (ColL Hayden and Krafft.) 



B. FOS8ILS FROM TEE UPPER DIVISION OF THE ANTHRACOLITHIC 

8TSTEM. 

[ Abovb the guai unconformity— Permian sanmtonbs. and black 

Ruling shales.] 

AMMONOIDEA. 
Xbnaspis cf. carbon aria, TVaagen, PL VI, figs. 1 — 4. 

1899. Xtnoditcvt earbonariui, Hijrdra. General Report. G*il. Snrr. of Indii, 1808-1809, p. 48. 

Among the fossils oollected by Haydon in tho Ruling shales near Dankaa E. G. 
is a large number of fragments and casts of ammonites which have been attributed 
to this Salt Range species by their discoverer. On the whole this determination 
cannot be far wrong and accords pretty well with the figures and description given 
by Waagen of bis type-specimens from tho Salt Range Productus limestone. The 
materials are, however, I am sorry to say, too scanty to permit an absolutely decided 
identification. 

Ihe examination of the casts and fragments collected by Hayden and attributed 
to Xena»pi$ has, unfortunately, failed to discover the most remarkable character of 
the genus, namely the length of the body-chamber. None of the numerous frag- 
ments, which consist of remnants of the body-ohamber only, amount to more than 
one-third of a volution. 

As I have fully exposed my view as to the generic importance of the length of 
the body-chamber in the description of Xen. carbonaria from the permian lime- 
stono crag of Chitichun No. I in the first chapter of tho present momoir, it will not 
be necessary to repeat what bas been already written. 
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As the length of the tody-chamber cannot be made oat from the materials at 
baud, their determination must be baaed on characters of minor importance. 

The fragments and casts available for examination are all of small size, none of 
the body-chamber whorls exceoding a height of 10 mm. The general shape of the 
shell is disciform, with numerous slowly-increasing volutions, which overlap each 
other but very slightly. The umbilicus is proportionally large and shallow, its 
diameter considerably exceeding the height of tho last volution. The transverse 
section is more oval than cordiform or lanceolate. The largest transverse diamoter is 
situated in the lower third of the height of the lateral parts. Tho latter are flatly 
and quite regularly arched, and gradually pass into the broadly rounded siphonal 
area. Neither marginal nor umbilical edges exist, but the distinctly developed 
and steeply inclined umbilical wall unites with the lateral parts in a strongly bent 
curve. 

The sculpture, although subject to considerable variation, is very simple. The 
casts arc either smooth or covered with numerous falciform strise of growth, or 
they exhibit a rather irregular ornamentation, consisting of low and narrow trans- 
verse folds. This ornamentation is confined to the outer volution only. 

The measurements of two specimens arc as follows : — 

Diameter of the •bell . . . . . 18 mm. 22 mm. 

„ umbilicus 7-6 „ 9 „ 

Height of the bit volution 6 „ 7-5 „ 

Thickness „ „ „ * » 

Suture*. — In one single fragment, consisting of the proximal end of the body* 
chamber and four air-chambers, the sutural line has been partly preserved. The 
siphonal area having been slightly injured, I hare not succeeded in developing the 
siphonal lobo. There is the normal number of principal lobes present, i.e., two 
lateral lobes and ono external and two lateral saddles. The vertical projection of the 
periphery of the penultimate whorl touches the apex of the lateral saddle in the 
last volution. 

The external or siphonal, and the principal lateral, saddles are of equal height 
and breadth. The second lateral lobe is much shorter than the principal one. The 
second lateral saddle terminates at the umbilical suture and is followed by a sharply 
incised depression and by a short internal saddle which borders the deep and 
bicuspidatc anti-siphonal lobe (funnol-lobc, Hyatt). The saddles are all provided 
with regularly rounded tops and parallel sides, and are shifted towards the umbilical 
part of the volution. 

To the naked eye the lateral lobes appear nearly goniatitic or faintly serrated, 
but by means of a lens denticulations in the ogival arch, which forms the base of the 
principal lateral lobe, can be made out distinctly. 

Locality and geological position : number of tpecimem examined. — Kuling 
shales, south of Danksa E. G., summit of high hill on right side of Batang river, 7 ; 
north-north-west of Danksa E. G., left bank of Ratang river, U. (Coll. Hayden.) 

Remark».—l have already pointed out that a direct identification of the frag- 
mentary specimens collected by Hayden, with Xenatpi* carbonaria, Waag., rests on 
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rather unsafe ground. Thore is undoubtedly a striking similarity between them, 
although slight differences may be noticed, the importance of which, however, must 
not be overrated. 

The chief difference consists in the smaller size of the Himalayan specimens. A 
consequence of this difference in size is the more advanced development which tho 
sculpture of tho surface has reached in Waagen's type-specimens from the Salt 
Range Product us limestone. 

As the length of the body-chamber is not accessible to observation in any of my 
Himalayan examples, it is impossible to decide, on the strength of this most import- 
ant character, whether they really ought to he placed in the genus Xenatfjit or should 
preferably be atttibuted to either Ophicerat, Griesb., or Meekocerat (Gyronitct), 
Waagen. There is, however, no species of the two List-named genera to which the 
specimens in question bear such a striking similarity as they do to JCenaapit car- 
bonaria. 

Among the species of Ophicerat, 0. demittum may certainly put in a claim for 
a closer comparison with the present form. This species has been fully described 
in my memoir on tho Cephalopoda of tho lower Trias (Vol. II, pt. 1, p. 121, PL 
XIV, figs. 1—7). Although they agree inl their general shape and involution, a 
few slight but constant differences between them can be noticed. In Ophicerat 
demittum the largest transverse diameter is situated a little above tho umbilical 
margin and the shape of its transverse section is consequently less oval than in 
the present species. The sculpture in 0. dtmistum is more prominent, consisting 
of numerous delicate, narrow, falciform wrinkles, between which a few stronger 
ones arc intercalated. A third difference exists in tho arrangement of the sutural 
line, 0. demittum being provided with a distinct auxiliary lobe, which cither forms 
a straight, denticulated lino or a regularly rounded arch. Thus the development of 
the sutures seems to prove clearly that an dentification of Hayden's permian species 
with CpAicerat demitsum is not admissible. 

From all the species of Meekoceras (Gyronitet) which have been described 
from the ceratite formation of the Salt liange by Waagen, the present species is 
easily distinguished by remarkable details in the characters of involution, sculpture 
and sutural line. 

It is to be regretted that the specimens collected by Hayden are too imperfect 
to allow a definite identification, although among all the forms with which they 
could be compared, Xenatpit carbomria is certainly the nearest. 



Ctclolobus, Waagen. 

In 1879 Waagen introduced the genus Cyclolobut, for the accommodation of 
the famous ammonite which he had collected in the upper Froductus limestone 
of Jabi and described as Phyllocerat Oldhami in 1872, in the memoirs of the 
Geological Survey of India. In 1882 a species of rather doubtful systematic 
position was placed, although with some reserve, in this genus by £. v. 
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Mojsisovics (Die Cephalopoden dcr Meditcrrancn Triasprovinz, Abhandl. K. K. Geol. 
Rciclis-Anst., Bd. X, p. 165). The propriety of classing this triassic specie* 
with Cyclolobtu is indeed questionable. A true representative of Waagen's 
genus, however, has been mentioned from the pcrmian rocks of Timor by Rothpleta 
and described as Arcettei (Cyclolobut) persulcatna (Paheontographica, 39 Bd., p. 8S, 
pi. IX, fig. 5). Each of tho two species of the genus is at present represented by 
only a single specimen. 

A considerable number of representatives of the genus Cyclolobtu has been 
collected by Hayden and A v. Krafft in the uppermost division of the Killing shales 
of Spiti. Most of the specimens were found as nuclei of concretions exactly 
like the fossils from the jurassic Spiti shales. Among the rich materials from the 
upper Ruling shales of Spiti four species can be distinguished, but the characters of 
none are entirely known to me. 

It is a well-known fact that in the family of Areestida specific determinations 
are more difficult than in any other group of triassic and permian ammonites. For 
complete diagnosis of the species both chambered nuclei of inner volutions and full- 
grown individuals provided with their body-chambers must be available for examina- 
tion. This demand can be fulfilled only if very rich materials are at hand and if 
one is enabled to sacrifice freely a number of examples in order to develop their inner 
nuclei by gradually destroying the body-chamber. The Himalayan materials 
entrusted to me for description are too precious to allow this method of examination ; 
I must consequently abstain from an attempt to arrive at a satisfactory diagnosis 
of every species, and must leave their description to a certain extent incomplete. 
Nevertheless I hope that the distinction of four species among my Himalayan 
materials will be found to be correct, and that our knowledge of the generic charac- 
ters of Cyclolobtu has been considerably advanced by the s'udy of the sutures of 
C. Krqffli and of the body-chambers of C. itutigni* and C. Hayden*. 

Ono of these four Himalayan species is very nearly allied to C. Oldhami, Waagen, 
and perhaps identical with this 8alt Range form, although the imperfect state of 
preservation does not permit a decided identification. 

A second species is represented by one single, full-grown specimen, provided 
with its body-chamber and distinguished by numerous (five) contractions which are 
not restricted to the umbilical portion of the shell as in C. Oldhami, but reach across 
the siphonal part in strongly backward-bent curves. Neither the innor volutions 
nor the sutures of this species, for which the name of C. insignia is introduced, are 
known to me. 

The third species is represented by inner volutions only. The absence of varices 
and the arrangement of the sutural line are distinctive characters of this species, for 
which I propose the name of its discoverer, Dr. A. v. Krafft 

Of tho fourth species, which in future will bear the name of Cyclolobm 
Saydeni, both nuclei of inner volutions and full-grown specimens with body- 
chambers are available for examination. The sutures, however, arc but imperfectly 
known to me. The inner volutions of this species differ from those in C. Kraffti by 
the presence of varices, which occur to the maximum number of three in one volution. 
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The body-chamber is smooth, without any contractions, differing in this respect 
entirely from C. Oldham or C. imignis. 

The specific distinction of C. insignis and C. Kraffli might perhaps be questioned, 
as the possibility of 0. Kraffli being the nucleus of C. insignis cannot be denied with 
absolute certainty. There is, however, strong evidence against this view, which to me 
appears to rest on very unsafe ground. 

Besides these four species which I have been able to recognise among the 
Himalayan materials of Cyclolobus collected by Haydon and Krafft, a number of 
examples were met with which did not permit a specific determination. Specimens 
of this sort were collected in the black shales of the Kuling series at Kuling, Lilang, 
Gaichund and near the Ratang river. 

Some of my new Himalayan species of Cyclolobus, to which C. Walheri from 
the pennian limestone crag of Chitichun No. I must be added, are, in the arrange- 
ment of their sutures, distinguished from tho prototype of the genus, C. Oldhami, 
Waagcn, by a feature which, in the eyes of some palaeontologists, (of my learned 
colleague A. Hyatt, for instance) might probably appear to be of generic, or at least 
sub-generic, importance. This peculiar fcaturo consists in the ramification of the 
siphonal saddle, which by the development of outer branches becomes more compli- 
cated than the remaining saddles, and thus makes an exception from tho serial arrange- 
ment of tho sutural elements. Now this serial arrangement of the sutures is one of 
tho leading features in the family of Arcestida. Thus there seems to be some reason 
for proposing a proper genus for the accommodation of those species of Cyclolobus 
which possess a siphonal saddle, differing from the other saddles by its more com- 
plicated ramification. 

I do not, however, agree with this view. Tho close relationship of the 
Himalayan species of Cyclolobus to the permian C. Oldhami from the Salt Range is 
so obvious that the dissimilarities in the arrangement of the siphonal saddles are, in 
my opinion, of too little value to justify a generic separation. 

If the characters of distinction by which this group of forms differs from 
Cyclolobus Oldhami should be considered as of sub-generic importance, the sub-generic 
appellation of Krafftoeeras is proposed for them. 

Cyclolobus cf. Oldhami, Waagcn, PI. VI, fig. 6. 

1900. CyWoJ«« of. OUkami, H»yd*a. Gonoral Report, QeoL 8mr. of Iodn, 1899-19C0, f. 1»0. 

The single specimen by which this species is represented in the Himalayan 
collection is too fragmentary to permit a specific identification with Cyclolobus 
Oldhami, "Waagen (Salt Range Fobs., Pakeont. Indica, ser. XIII, vol. I, Productus 
Limestone Fossils, p. 24, PI. I, fig. 9), to which it is, at least, very nearly allied. The 
fragment is a water-worn cast, almost one-half of which has been broken away, the 
umbilicus, however, having been entirely left. The termination of the last whorl 
nearly coincides with tho commencement of the body-chamber. 

In general shape, size, and involution the present fragment strongly recalls 
Cyclolobus Oldhami. It has compressed, lenticular whorls, which increase mow 
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slowly than in any other species of Cyclolobvs. C. Oldhami is the only hitherto 
known species of the genus, in which the involution of the whorls is so considerable 
that nearly two-thirds of the room within the last whorl is filled up by the preceding 
volution. In Waagen's type-specimen of ft Oldhami the height of the last volution 
from the umbilical suture is 55 mm., from the siphonal part of the penultimate whorl 
20 mm. only. In the present specimen the corresponding measurements are 48 to 19 
mm. This proportion is most nearly approached by C. persulcatut, Rothpletz (23 to 
9 mm.)- The umbilicus likewise exhibits the same size and character as in C. Oldhami. 
The involution does not take place exactly on the umbilical margin of the preceding 
whorl. A narrow strip of the lateral parts of the inner volutions, separated by low, 
vertical walls, is consequently exposed inside the umbilicus. 

The perpendicular umbilical wall unites with the flatly but regularly curved 
lateral parts in an obtusely rounded-off umbilical edge. The siphonal part is broadly 
rounded and passes gradually into the lateral parts. 

The surface of the cast exhibits a small number of varices. Five of them I 
am able to count, but as the fragment is partly water-worn, a larger number may 
actually have been present in the perfect shelL The varices reach from the 
umbilical suture, in the shape of falciform curves, to the siphonal part, which they do 
not cross. The backward-bent portion of the falciform curve is situated on the 
upper part of the flanks. 

Traces of a faint ornamentation are visible within the umbilical region. This 
ornamentation consists of very low and short folds, which are well expressed only in 
the vicinity of the umbilical suture, and are completely obliterated on the lateral 
parts a short distance outside the umbilical margin. 

Of the shell substance a few small fragments have been preserved, which 
are covered by numerous and delicate striations. Waagen's type •specimen of 
Cpcldobut Oldhami being a cast without any trace of its shell, the external ornamenta- 
tion of the genus had hitherto remained unknown. 

The measurements of the fragment under description are as follows : — 

Diameter of the shell 04 mm. 

,, „ umbilicus . . . . . 14 „ 

H ' htcfthe fk° m ^ " n »WHcal suture . . 48 „ 

hit volution 1 " "P b0Ml of the I"**^ 

(. whorl . . . 19 „ 

Thickness of the last volution 29 „ 

Suturet.— The sutural line is too imperfectly visible and the details of the 
sutures have been too badly injured by weathering to describe them in a satis- 
factory manner. Their general character and, especially, their semicircular, or 
rather, parabolic arrangement is, however, clearly marked. 

The siphonal lobe is not accessible to observation. The periphery of the 
penultimate whorl touches the apex of the second lateral saddle in the last volution. 
Two lateral lobes and saddles are consequently present. The siphonal and the two 
lateral saddles are tolerably well exposed in the last suture at the beginning of the 
body-chamber (fig. 6 e), but all the details of ornamentation have disappeared owing 
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to the weathering of the cast. If we make exception for this difference, which » 
satisfactorily explained by the state of preservation of our fragment, tho genera, 
shape of the saddles is not opposed to an identification of Hayden's specimen with 
O. Oldhami. 

In the penultimate whorl the two lateral saddles and the principal lateral lobe 
have been found in a better state of preservation (fig. 6 d). They agroo fairly well 
with the corresponding sutural element in C. Oldhami. Tho apex of each saddle is 
formed by a single roundish phyllura, the longer diameter of which is at right 
angles to the axis of the saddle and parallel to tho numerous branches which adorn 
the stem of the latter. The principal lateral lobe shows a tripartite arrangement of 
its dcnticulations, the central one being deepest. 

Of the auxiliary series only very imperfect traces have been preserved, and 
are not fit for description. 

Locality and geological position: number of specimen* examined. — Seven 
miles north-north-west of Kagd, black Kuling shales : 1. (Coll Hayden.) 

Ctcloi/Obxjs inmghis, nov. sp., PI. VI, fig. 5. 

This beautiful species is represented by a single but excellently preserved speci- 
men, the last volution of which is made up entirely of the body-chamber. Attempts 
to sever the body-chamber from the chambered nucleus have convinced me 
that the inner volutions are filled up with so spathic a matrix that there is no chance 
of making the sutural line accessible to observation. The diagnosis of the species 
must consequently be incomplete, two important features, namely, the character of 
the chambered nucleus and the arrangement of the sutures, remaining unknown. 

In its general shape and involution the present species differs from C. Oldhami, 
by more rapidly increasing whorls and by the small size of the umbilicus. The 
height of the penultimate whorl is exactly one-half the height of the last volution. 

The transverse section is lanceolate and considerably higher than broad. Its 
greatest transverse diameter is situated a little above the umbilical margin. The 
lateral parts converge from this point towards tho siphonal area as very slightly, but 
regularly, arched planes. The siphonal part is broadly rounded and passes very 
gradually into tho lateral parts. The lateral parts slope gently towards the umbilical 
margin from tho point where the transverse diameter is greatest. The umbilical 
margin is distinctly marked off from the flanks, and takes the shape of an obtusely 
rounded-off edge. The umbilical wall is very steep. The umbilicus is deep and 
funnel-shaped and considerably smaller than in C. Oldhami. As the involution takes 
place exactly at the umbilical suture, no strips of the inner volutions are exposed 
inside the umbilicus. 

Contractions can be observed to the number of five in the last volution. They 
are of very remarkable shape. Among the family of Arcestida I do not know of 
any species with so complicated contractions. They rise at the umbilical margin 
with a radial direction, are then strongly bent forward, describe a backward-bent 
curve corresponding to the middle of the height of the lateral parts, are once more 
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bent forward a little below the siphonal margin and cross the siphonal area in a 
backward-bent, deeply sunk curve. Thus from the umbilical margin to the median 
line of the siphonal area they describe an undulating curro, the convexity of which 
is twice turned backward and twice forward. The transverse section of the contrac- 
tions is quite regular, no trace of " imbrication," in tho sense in which this term is 
employed by E. v. Mojsisovics (Ccphalopoden der Mediterranen Triasprovinz, p. 12) 
having been noticed. 

The shell substance is well preserved and exhibits numerous delicate growth- 
lines, which follow the direction of the contractions and are occasionally arranged 
in bundles. It is the same system of ornamentation as has been described bv 

* * 

Gemmellaro in the majority of species belonging to tho genera JPaagenoceraa and 
Popanocents. 

The measurements of my type-specimen arc as follows:— 

Diameter of the ihell 66 mm. 

„ „ „ ombilictw . 0 „ 

He' Kt of the f' rom *k« omhilioal sat are . . 86 „ 
UatTolutionj » «phor*I part of tbe preying 

I. whorl . . 18 „ 

Thickoc** of the last volution . .... 25 „ 

Locality and gcologiccU position: number of tpecimen* examined. — Killing 
shales, Lilang : 1. (Coll. Krafft.) 

Jtemarki. — In addition to this type-specimen the fragment of an external 
impression of a Cyclolobtu from the Ruling shales north-north-west of Kftga (coll. 
Hayden) is in the Himalayan collection. This fragment, in which auxiliary 
lobes and saddles have been partly preserved, probably belongs to C. intignti, but 
its identification is doubtful on account of the unsatisfactory state of preservation. 

Ctclolobus (Keafptockras) KaAPPTr, nov. sp., PI. VI, fig. 9. 

Of this remarkable species only chambered nuclei, consisting of inner volutions, 
but no body-chambers, have been found among the materials collected by Dr. A. v. 
Krafft in the Killing shales of Bpiti. Thus its diagnosis must necessarily remain 
incomplete, although the correctness of considering it to be a proper and well 
characterised species can barely be questioned. 

My typo-specimen, which consists of air-chambers only, is but very little 
inferior in size to tho type-specimen of Cyclolobm intignit, the last volution of which 
is made up entirely by tho body-chamber. The perfectly preserved type of the 
present species must consequently have been at least twice as large as C. imignu. 
In general outline and involution the two species arc similar, but they differ con- 
siderably in the shape of the umbilicus, which in the present species is very narrow 
and not deep. 

The cast is entirely smooth and devoid of any varices or contractions. 

No fragment of the shell substance has been preserved on the surface of the 
hut volution, but by clearing off a small portion of the penultimate whorl from the 
overlapping volution I was able to expose the shell, which proved to be smooth. 



16G 



HIMALAYAN FOSSILS. 



But the question to be decided ia whether the examination of so small a fragment of 
shell substance should be considered sufficient to deny the presence of any orna- 
mentation. 

The measurements of the figured type-specimen are as follows : — 

Diameter of the abell ......... 68 mm., 

„ „ umbilicus 4 „ 

H right of the but volution from Um umbilical suture . . . . 36 „ 

M „ „ „ siphon*] put of the preceding whorl . 17 „ 

Thicknefg of the Last volution 26 „ 

Sutures.— The most characteristic feature of this species is its sutural line. 

The vertical projection of the periphery of tho penultimate whorl touches the 
apex of the third lateral saddle in the last yolution. Thus tho species is undoubtedly 
provided with three lateral lobes and saddles, followed by seven or eight auxiliary 
lobes and saddles. In the diagnosis of the genus Cyclolobus the number of lateral 
lobes must now be eliminated from the characters of generic importance, three lateral 
lobes being present in C. Kraffli and in C. Walkeri, but two only in C. Oldhami. 

In the parabolic arrangement of the sutural elements, especially in the strongly 
curved umbilical branch of the parabolic arch, C. Kraffti closely resembles Waagen's 
type of the genus. In tho details of tho sutural line remarkable differences are, 
however, noticed. 

The si phonal lobe is the deepest and largest of all. It is divided by a very high 
and broad median prominence, which in size nearly equals the siphonal and principal 
lateral saddles. In the development of the siphonal saddle an extraordinarily rich 
ramification predominates. In this saddle three deeply incised outer branches are so 
strongly individualised, that it is merely a matter of convenience whether the 
lowest braneh should be regarded merely as a secondary element of the siphonal 
saddle or as a proper adventitious saddle. By this individualisation of its outer 
secondary branches the siphonal saddle differs remarkably from the remaining saddles, 
which represent a type of suture, to which the term " serial " has been applied by 
Blake (Proceed Geol. Association, XIII, pt. 2, 1893, p. 2). 

Whereas the lateral and auxiliary saddles recall in their shape and arrange- 
ment the corresponding sutural elements in C. Oldhami, the lateral lobes are distin- 
guished by their bipartite character. In C. Oldhami the lateral and auxiliary lobes 
arc tripartite, the median indentation being deepest. In the present species each 
single lobe is divided into two branches, which are provided with secondary indenta- 
tions and are separated by a large median prominence. I cannot assert positively 
whether this character holds good in the auxiliary series also, as the minor details 
of the very small auxiliary lobes are not visible. 

Locality and geological position: number of specimens exatnined. — Knling 
shales, Lilang, 2 (coll. Krafft) ; two miles below Tanga Chenmo E. G., Gyundi river, 
1 (coll. Hayden). 

Remarks.— In the development of the sutural line and tho absence (?) of 
varices this species appears to bo more nearly allied to Cydolobvs Walkeri from the 
pormian limestone crag of Chitichun No. I than to C. Oldhami, Wnagen. 
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In C. Oldhami all the sutural elements represent a serial typo of sutures. In 
C. Walhcri and in C. Kraffli the siphonal or external saddle differs from the re- 
maining saddles in its greater complication. Whereas in 0. Walkeri it becomes 
bipartite by developing a secondary outer branch, as in Joannites, its complication is 
far more advanced in ft Kraffti by the indiridualisation of three outer branches, one 
of which almost assumes the part of a proper adventitious saddle. For the accommo- 
dation of theso two species the diagnosis of the genus Cyclolobus must consequently 
be somewhat modified, an exception from the serial arrangement of sutures being 
mado for the siphonal saddle. 

When first studying the species of Cyclolobu* from the Himalayan collection, I 
noticed another point of difference from ft Oldhami, which seemed to me of no 
small importance. Having compared the sutural lines of my Himalayan species 
with that of ft Oldhami, as given' by Waagen in his monograph on the fauna 
of the Salt Range Productus limestone (1. a, PI. I, fig. 9 c), I could not find in 
any of them a fan-shaped siphonal lobe with numerous indentations of equal size, 
but have always found the siphonal lobe divided by a very large median prominence. 
As tho presence of a median prominence, assuming the character of a proper saddle, 
might have been rightly considered as a character of at least sub-generic importance, 
Mr. C. L. Gricsbach, Director of the Geological Survey of India, at my especial 
request kindly examined Waagen's type-specimen in Calcutta and furnished me with 
a few additional illustrations, in which certain parts were more exactly illustrated 
than in Waagen's original drawing. 

The point to which I should desire to direct more particular attention is the 
very bad state of preservation of the siphonal area in Waagen's type-specimen of 
C Oldhami. According to Griesbach's statement, the median portion of the siphonal 
lobe is not visible. To him Waagen's interpretation of its shape does not appear to be 
bas«l on any direct observation. From the drawings which Mr. Griesbach kindly 
sent me it is evident that Waagen was not acquainted with the true character of the 
siphonal lobe in Cyclolobus Oldhami. It is, therefore, still uncertain whether or no 
this lobe was provided with a large median prominence as in the congeneric species 
from the permian Kuling shales of the Himalayas. 

The question might be raised whether Cyclolobus Krafli could not be con- 
sidered the inner nucleus of ft insiynis. But I do not think this suggestion 
appropriate to the true character of both these species. If we compare the type- 
specimens of ft Kraffti and ft insigni*, which are both of nearly equal sise, it will 
bo seen that in the shape of the umbilicus they differ so remarkably, that it is 
impossible for me to admit the propriety of placing them in the same species. 

Cyclolobus (Kbafftocehas) Hatdehi, nov. sp., PI. VI, figs. 7, 8. 

This is the only species of the genus Cyclolobus in which the two most important 
stages of development— chambered nuclei and full-grown individuals with body- 
cbambers— arc both known to me. On PI. VI, I have given views of both stages in 
order to satisfy the reader of the correctness of this assertion. 
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Cyclolobus Eaydeni does not attain so large dimensions as the congeneric species 
hitherto described. In this respect it resembles ft pcrmlcatut, Rothpletz (Die Perm. 
Trias mid Juraformation auf Timor and Rotti, Paheontographica, 39 Bd., p. 83, 
Taf. IX, fig. 5), from the pennian rooks of Timor. The specimen figured on PI. VI, 
fig. 7, is a full-grown, longidomc individual, the last volution of which belongs 
entirely to the body-chamber. In its general shape and involution it is very nearly 
related to ft Rraffli. "With this species it likewise agrees in the character of the 
narrow and funnel-shaped umbilicus. Its transverse section is a little more strongly 
compressed and its largest transverse diameter nearly coincides with the umbilical 
margin. 

The surface of the cast is perfectly smooth and not provided with varices or con- 
tractions. The shell is covered with very numerous delicate stria? of growth. 
The falciform growth-lines describe a crescent-shaped curve, convex forward, on the 
lower portion of the lateral parts, and a second less strongly-bent curve, with its 
convexity turned backward, on the upper portions of the flanks. In the immediate 
vicinity of the siphonal margin the striations are turned forward but do not keep 
this direction in crossing the siphonal area. 

The richer materials of this species have enabled me to develop the inner nucleus 
by scaling off the entire body-ohambcr of an example which had been originally 
slightly inferior in size to the type-specimen above described. This chambered 
nucleus, an illustration of which has been given in fig. 8, differs from the body- 
chamber by the presence of three varices. The varices run parallel to the lines of 
growth and cross the siphonal area in a strongly backward-bent curve. 

The measurements of my type-specimens are as follows:— 

I. II. 

(Fig. 7.) (F%. *.) 

Diameter of the «hell . .57 mm. 26 mm. 

,i » » vunbilicu* . , 4'5 „ 2 „ 
r from the umbilical 

Height of the )"*"•,. : ' 84 - 16 " 

laet relation T° m tbe "l ,Wl 
/ port of the pre- 
ceding whorl . 17 „ 8 „ 
Thickness of the list volution , . 23 5 „ 15 

With the present species are identified a small number of chambered nuclei* 
which differ from ft Kraffti by tho presence of varices. They are closely allied 
to ft persulcatu*, Bothpl., but arc distinguished from that species by a smaller 
number of varices, which does not exceed the number of three in any of my Hima- 
layan specimens, whereas four varices are counted in ft pertvlcatttt. 

Suture».—I am, unfortunately, not able to give an adequate illustration of the 
sutural line, as it is only partly visible in one of my specimens which has a 
diameter of 16 mm. Tho siphonal lobe and saddle, which I have succeeded in 
rendering entirely visible, are of the same type as in ft Kraffti. The siphonal lobe 
is provided with a large median prominence, the siphonal saddle with distinctly 
developed outer branches. Thus ft Haydcni must be classed among the 
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the genua Oyclolobus, in which the siphonal or external saddle makes an exception 
from the serial arrangement of the sutural olemonts. 

Locality and geological position: number of specimens examined. — Black 
Ruling shales, Kuling, 2 (coll. Krafft) ; Lilang, 1 (coll. Krafft) ; Batang river, 1 (coll. 
Hay Jen) ; south-east of Po, 3 (coll. Hayden). 



NAUTILOIDEA. 

Orthoceras, sp. ind., PL VII f, fig. 2. 

A few fragments of Orthoceras have been recorded from the Kuling shales of 
Spiti. One fragment, consisting of three air-chambers, indicates a species of com- 
paratively large size. Otherwise this specimen is not fit for a specific deter- 
mination. 

Taa diameter of 3-t mm. a distance of the septa of 7'5 mm. corresponds. The 
septa are strongly convex. The position of the siphuncle is central. 

There is no species to which the present one might be advantageously compared. 
Orthoceras campanile (£. v. Mojsisovics, Cephalopodcn dcr Mediterranen Triasprov- 
inz, p. 291, PI. XCIII, figs. 1—4, 11), from the triassic rocks of the Alps and 
Himalayas with which it agrees in the very small angle of emergence, is provided 
with more distant septa in specimens of a similar size. 

Locality and geological position : number of specimens examined. — Kuling 
shales, north-west of Muth : 1. (Coll. Krafft.) 

XArnujs (Grypocebas), sp. ind., PL VIII, fig. 1. 

The single, entirely chambered fragment, by which this species is represented 
in the Kuling shales of the Himalayas, recalls some triassic forms of Nautilidar, 
for which the genus Grypoceras has been proposed by Hyatt (Genera of fossil cepha- 
lopoda, Proceedings, Boston 8oc. of Nat. History, vol. XXII, 1883, p. 269). The 
triassic species, which appear to be nearly allied to the present one, are Nautilus 
quadrangulut, Beyrich, from the Alpine Muschelkalk, and A", brahmanicus, Griesb., 
from the Himalayan Otoceras beds. From both of them the fragment under consi- 
deration is, however, specifically distinct. 

The whorls barely overlap each other and have a quadrangular cross-section. 
The volutions are remarkably broader than high, the greatest breadth coinciding with 
the siphonal margins, which are sharply rounded. Prom the rounded umbilical 
margin the sides slope in a regularly steep, but not vertical, wall towards the umbi- 
licus. The siphonal area is broadly convex. 

The surface of the cast is entirely smooth. Of the shelly substance no traces 
have been preserved. The siphuncle is situated below the centre. 
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The measurements of this fragment are as follows : — 

Hei . fccf{he (from the umbilical suture . . . 19 mm. 

volution ] " " rf the 

V whorl 16 „ 

Thick nw of the »oluticn S4 „ 

Sutures.— The septa are closely arranged, less distant than in Nautilus quadran- 

gulus. A broad and shallow ventral lobe is followed, by a distinctly devoloped saddle, 

the apex of which coincides with the sharply rounded-ofl siphonal edge. Lateral 

lobe broad and deep. A flat lateral saddle is situated on the umbilical margin. 

"Whether or not an annular lobe was present, cannot be ascertained. 

This arrangement of the sutural line, together with tho general shape of the 

fragment, proves tho latter to be a typical representative of the genus Grypocera* 

which has hitherto been described from triassic beds only. 

Locality and geological position : number of specimens examined. — Killing 

shales, north of Po : 1. (ColL Krafft.) 



LAilELLIBBANCHIATA. 
Oxttojia. laticostatuh, Netschajcw, PL VIII, fig. 10. 

1804. Pitudamonotit laticoitata, Ntt«eh»jow. The fauna of tlie parmSu d*panU of tbt Kaatere portion of 
KuropMo Kumui, Trodj Soo. o( N»t., lnipcr. Umrcntty of Kami, T. XX VII, pu 4, p. 216, Ft 
VII. flg» 7. 8. 

Two casts of the left valve of this species are known to me, one of them being 
well preserved and almost complete. It is of roundish oval outlines, strongly 
inflated, and hut very slightly oblique. The apex is acute, projects beyond the 
hinge-line and is strongly incurved. Of the wings tho anterior one only has been 
preserved. It is small and obtusely angulatc. 

Tho most characteristic feature of this species is its sculpture. It consists of 
two kinds of radiating ribs. The ribs of the first order, occurring to the number 
of ten to twelve, arc simple, thin, rounded above, and of equal thickness through- 
out their extension from tho apical region to the ventral margin. Their width 
does not exceed half a millimetre. The ribs of the second order are regularly 
disposed between thoso of the first order. They likewise originate in the apical 
region as thin, rounded elevations, but rapidly increase in height and width as they 
approach tho ventral margin, where their breadth is 1-5 to 2 mm. There they 
terminate as strong costse, with rounded tops and regularly sloping sides, and are 
separated by deep valleys or furrows from the ribs of the first order. To tho latter 
correspond sharp, thorny processes, which project from 2'5 to 8 - 5 mm. from the 
margin of the shell. Thus the whole periphery of the shell, with the exception of 
the hingo-lioe, is provided with strong indentations. 

Tho measurements of the figured specimen are as follows : — 

Eutire length of the iht-ll ...... 21 mm. 

,, height „ „ „ . . . . . t . 

Thickness of the left valve 9 „ 

Apical angle . ca. 80° 
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This specimen entirely agrees in all its characters with the Russian examples of 
Tteudomonotis laticostata from the permian rocks of Bogorodskoie, which hare beon 
described and illustrated by Netechajew. This author has been perfectly right in 
stating the very intimate relationship which his species bears to Oxytoma a tat urn, 
Waagen (Salt Range Fossils, Palreontologia Indica, Sor. XIII, Vol. I, Prodnctus 
lime&U Foss, p. 287, PL XX, figs. 6, 7). Of both species left valves only are at present 
known, although Netschajew erroneously designates his examples as right valves. 

The following features of distinction between the Russiau and the Salt Kongo 
form are enumerated by him: Pseud, laticottata is less oblique, more strongly 
inflated, and provided with an acute and more prominont apex. In all these charac- 
ters my Himalayan specimens likewise differ from Oxytoma atavum. The barely 
oblique shape and the small apical angle (80' in 0. laticostalum, 120° in 0. atavum) 
are specially remarkable. 

Prom Aviculopeeten duplicieostalus, Netschajew (1. c, p. 206, PL VI, fig. 16), 
which in its peculiar sculpture strongly recalls O. laticostatum, as has been remarked 
by Netschajew, the latter species is distinguished by tho different shape of the 
cardinal region. 

Locality and geological position : number of specimens examined. — Sandstone 
underlying Kuling shales, north of Po, 1 (coll. Hay den and Krafft) ; Kuling shales 
with Heller ophon, south of Pomarang, 1 (coll. Krafft). 

Bemarks. — There is much discrepancy of opinion as to the advisability of retain* 
ing Oxytoma, Meek, as a proper genus among the family of Aviculidas. A sharp 
distinction of the forms belonging to Oxytoma from Pseudomonotis, Beyr., is impos- 
sible, as has been stated both by Stoliozka, who advocates that the two genera should 
be united, and by "Waagen, who prefers to keep them separate. I follow in the path 
of Waagen and Teller (Arktische Triasfaunen, Mem. Afad. Imper. des sciences de 
8t. Petersbourg, T. XXHI, No. 6, 1*86, p. 128) in retaining the name Oxytoma for 
those extremely inequivalve Aviculidas, of which the strongly inflated left valves are 
covered with stout oostse occasionally projecting beyond the margin, whereas the 
flat right valves with a deep byssal sinus are provided with radial furrows,— not with 
prominent ribs. 

Aticulopbotbn, sp. ind., PI. VIII, fig. 3. 

The only speoimon of Avictdopeeten from the permian rocks of Spiti in Hayden'a 
and Krafft's Himalayan collection is a single cast of a left valve of medium sizo, con- 
siderably inflated and strongly inequilateral. It is obb'quely oval and about 
as long as high. The apex is anterior in its position, projecting slightly beyond the 
long hinge-line, and acute. It is limited on both sides by large wings, the cardinal 
angles of which have not been entirely preserved. The wings are of unequal size, 
the anterior being smaller than the posterior. It is on the strength of this character 
that the shell has been attributed to the genus Aviculopeeten. 

The anterior wing, though only partly preserved, did certainly project far in 
front of the anterior margin, from which it is separated by a sharply rounded, deep 
sinus. The posterior margin is continuous, not sinuated at the commencement 
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of the posterior wing. It is likewise continuous with the broadly arched ventral 
margin, which unites with the anterior one in an obtusely rounded-off angle. 

Both wings are marked off distinctly from the remainder of the shell The 
anterior marginal edge slopes in a perpendicular wall towards the surface of the 
anterior wing. Towards the posterior wing the shell is less steeply inolined, and the 
furrow separating them is less sharply defined. 

The apical angle nearly coincides with the angle included between the lines 
connecting the apex with the terminal points of the ventral shell-margin. It is 
acute. Measurements of the length of the hinge-line cannot be given, but it is cer- 
tainly not much inferior to the antcro-postcrior diameter of the shell. 

The sculpture recalls Aticulopecten hietnalis, Salter, but is more irregular. 
The surface is ornamented by two or three different classes of ribs. There are about 
thirteen principal costoo, which rise in the apex, are equidistant, prominent, and 
steeply rounded on their tops. Between each two of them there is one, or occa- 
sionally two smaller, linear ribs, which die out before reaching the apical region. 
A third class of rib is formed by some of the principal cost© becoming dichotomous 
in the vicinity of the ventral margin. A distinct concentric sculpture has not 
been noticed. 

The posterior wing is covered with numerous thin radiating striae. The anterior 
wing seems to have been perfectly smooth. 

The measurements of this specimen are ns follows : — 

Antcro-posteri'T diameter . . . . . ,35 mm. 

Apico-ventral diameter 87'5 „ 

Thicknew of the left v»l?e 10 „ 

Apical angle .78° 

Locality and geological position : number of specimens examined. — Sandstones 
underlying Ruling shales, north of Po : 1. (ColL Erafft and Ilayden.) 

Remarks. — In its ornamentation this species resembles Avictdopecten kiemalis 
and its allies, but differs radically from that group of forms by its strongly inequi- 
lateral outlines, by the larger dimensions of its wings, and by the nearly straight, not 
sinuatcd, configuration of the marginal edges connecting the apex with the terminal 
points of the ventral shell margin. 

I do not know any species of the genus Aviculopecten to which the present 
one might be advantageously compared. 

Modiolopsis Tkplopi, Vera., PL VTII, fig. 6. 

1946- iljtilus Tftofi, B. it Verneutt. Gfckigie it 1» Rni*J» d» 1'Burope, VoL II, pt. I, Pilexiniologit. 

p. 818, PI. XIX. fig. 17. 
1840. HodiMprit Ttplefi, biohw.ld. Lethau BomIo* I, p. 978. 

1874 Hodiola Ttplofi, Timntocbold. Die Ktlkbrowh* too Miatsahkowa, p. 46, Taf . IV, fig. 24. 

189L iUdioltptit Ttptafi, NelKbajaw. Di« Fauaa d*r permiaebeo Aii^ersn^en de* omlichaa ThaOca if 

enrop»i«oh«D BomUimU, Tradr Soe. of HttanltaU Imp. Uairmitj of Eaaao, T. XXVII, pt 4, 

p. 883. PI. VIII, fig*. 6, «. 10-18. 

As has been stated by Netschajcw, Modiolopsis Teplofi, Vera., and Mod. 
Pallasi, Vera. (1. c., p. 316, PI. XIX, fig. 16), are connected by many intermediate 
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shapes, but typical representatives of both species differ in the following characters : 
Mod. Teplofi is of larger size, ita Tentral margin is not rounded, as in Mod. 
PaUasi, but nearly straight, and unites with the rounded lateral margins in obtuse 
angles. The apex is not terminal, is less anterior in its position than in Mod. Pallati, 
and only slightly incurred. From the apex to the posterior margin an obtusely 
rounded ridge or keel runs across the convex surface of the shell 

In all their characters accessible to observation my Himalayan examples agree 
with typical specimens of Mod. Teplofi. The ventral and posterior margins have not 
been entirely preserved, but in the rest of its features my figured type-specimen from 
the Ruling shales of Pomarang is a typical representative of the Russian species. 

It is of large size, very strongly inequilateral, transversely elongate, with a 
narrower anterior and a broader posterior margin. The small prosogyrate, slightly 
incurved beak overhangs a small and moderately deep lunula. The rounded anterior 
margin is slightly prominent beyond the apex. The obtusely rounded ridge which 
separates the steeply inclined posterior, from the flatly arched anterior, portion of the 
valve, is very distinctly developed. 

My specimens are internal oasts with a nearly smooth surface which is orna- 
mented only by indistinct and irregularly disposed ridges of growth. No traces of 
the shell substance havo been preserved. 

In the illustrated example the septum below the apex, whioh separates the 
anterior adductor scar from the interior surface of the valve, is marked by a sharp 
impression. 

Exact measurements of this specimen cannot be given. The illustration will 
convey, I hope, a sufficiently clear idea of its features. 

Locality and geological potition : number of specimens examined. — Ruling 
shales south of Pomarang : 2. (Coll. Erafft.) 

Remark*.— Modiolopsi* Teplofi is a common species in the anthracolithic rocks 
of Russia, ranging from upper carboniferous (limestone of Miatschkowa) into permian 
strata. 

Solbmya (Janbia) biabmica, Vera., PI. VIII, figs. 7, 8. 

1845. SoUm 9 a biarmiea, B. d* Vernon il. Geologi* d* I. Bud. d-Bump*. VoL II, pt. 3, PaWootologi*. 
p. S»4, PI. XIX, fig. A 

1816. Solmyahiarmica,Kti}tetVmg. Wmew-Mich* Boob«hteng*a »nf «d*t Retrain d*»P*Uohor»W, 

p. 85k 

1064. Sthnomya ThUijHia—, Sob.urotl. ZobKbr. Dentee*. Gtol. On., Bd. VI, p. SSS, Tif. XXI, 
6*6. 

1861. &><«..<■ formica, 0»!uHi. Di. Vju, p. €0. TW. XII. fig.. 18. 19. 

1868. StJrmyo biarmica. Golowkin.kr. Tlx ptnnira tjtbm of th. K«D»-W«lg» buio (in Bantu* 
M*t*ri.iirn i.r Geologi. Rn..l M d*. Bd. I, p. 84, PL IV, fig. 17. 

^""Ut. XUn^. 81. 22 DTKb,W D " P OTU ' th » K * U " rte " 1 im QmTmtmmi KwtWU * ^ U ' 
188S. Stltmyo bwmica. Kt»to«. ArtimklM stag* (in Rnaiita), Trudy Son. of KntanUWt, Imper. 

Cnirtwity ol K«w, T. XIII, Pt 6, p. 2S1. 
1884. Seltmfa biarmica, Notaelujnr. Di* hum in pwroweben Ab!«gerung*n in oaUiohtti Tbeilm in 

•onpnriMbtn Bcabndi.ilio'Mi, T. XXVII, pi. 4, p. 308, PI. X, fig. IS. 

The most complete description of this species, — one of the leading fossils of the 
permian rocks of Eastern Russia and of the lower Zcchstein of Germany,— has been 
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given by Geinitz and Golowkinsky. Among the Himalayan collection there are 
two specimens which so closely agree with the illustrations published by these 
authors, that I do not hesitate in identifying them with Solemya biarmica, 
Vcrn. 

The larger of my two specimens is an internal cast of a loft valve, without any 
trace of shelL It is transversely elongate, twice as long as high, strongly inequilateral, 
with a narrow anterior and a broad posterior margin. The low apex corresponds in 
its position to the anterior third of the entire length of the shell. The valve is 
regularly vaulted. Its surface is covered with numerous obscure wrinkles, running 
parallel to tho free margins. A deep furrow runs from the apex along its anterior 
side for some distance. It unites in the apex with a second furrow running parallel 
to the upper margin. These two furrows or impressions aro yet more distinctly 
exhibited in my second cxamplo, in which a triangular space is marked off by them, 
corresponding to the anterior adductor scar. This internal arrangement completely 
agrees with the illustrations given by Geinitz. 

In my second specimen the shell substance has been partly preserved. It is 
thin, covered externally with numerous concentric Btrue of growth, and with a few 
delicate, radiating lines emanating from tho apex and diverging towards the 
posterior margin. 

The measurements of my larger spooimen are as follows :— 

Entire 1«Dfrth of tho (hell . . . . ea. 27 mm. 

i, height „ „ . . , t , . „ 13 „ 

ThicknesB of the left Talve ....... 4'5 „ 

Locality and geological position; number of specimen* examined. — Ruling 
shales, south of Pomarang : 2. (Coll. Krafft.) 

Remarks. — It has been stated by Geinitz that the internal arrangement of this 
permian species entirely agrees with that noticed in tho recent Solemya by Deshnyes. 
It is, however, suggested by Dall (in Zittel's Textbook of Palaeontology, p. 361) 
that most of the palaeozoic spocies hitherto referred to Solemya might bo more advan- 
tageously included in tho genus Janeia, Kiog (Monograph of the permian fossils of 
England, p. 177), as they differ from the recent Solemya by being shorter and 1« as 
inequivalve. 

Mytilus, sp. ind., PI. VIII, fig. 4. 

A typical species of Mytilus from the upper Productus limestone of the 8alt 
Rango has been described by Waagon (Salt Range Fossils, Palaxmt. Indica, ser. 
XIII, vol. I, Productus limestone Foss., p. 272, PI. XX, fig. 12). To this true 
representative of tho genus Mytilus in permian strata a socond must be added 
from the Ruling shales of Spiti. The specimen, which I feel obliged to attribute 
to this genus, is, unfortunatoly, fragmentary, consisting only of a singlo incomplete 
left valve. But its binge-line is sufficiently well preserved to preclude identification 
with Myalina, dc Kon. The hinge- line is short, not thickenod, and without a 
trace of longitudinal grooves. Immediately below the beak a tooth-shaped promi- 
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nence is as distinctly dovolopod as in many recent species of MytUus. The ter- 
minal position of the beak excluding any identification with Modiolo, I do not 
know any other genus but Mytilm L., with which the present species could be 
classed. 

This species is probably nearly allied to Mytilus patriarehalis, Waag., from the 
topmost bods of the upper Productus limestone of Chidru, but is of much larger 
dimensions. It is of triangular shape, with rounded margins, and an acute, anterior 
and terminal beak. The anterior margin is slightly excavated and sub-parallel to 
the posterior margin. A sort of indistinct lunula is thus produced in front of the 
beak, and the shell descends to it in a steeply inclined slope, whereas in general it is 
but little inflated. The beak is compressed, oblique and attenuated. 

The surface is marked with numerous and delicate concentric striie and with a 
'small numbor of coarser ridges of growth. 

Locality and geological position: number of specimens examined. — Euliog 
shales with Cyclolobus insignis, Lilang : 1. (Coll. Krafft) 



CoNocvuDirM sp. ind. all. sicrLO, Gemm., PI. VIII, fig. 5. 

The permian fossiliforous rocks of Pomarang havo yielded one single, fairly 
woll-prosurved right valvo of a spocios of Coaocardium, which appears to be more 
closely allied to C. sieulum, Gemmollaro (La fauna dci oalcari con Fusulina della 
Vallo del P. Sosio, Fasc. Ill, Palermo 1893, p. 183, Tav. XX, figs. 21—23), than 
to any other congeneric form. It agrees with this Sicilian species in the absence of 
a cordiform anterior area, and in its reticulate ornamentation. 

The specimen is of modium size and strongly inflated. It is anteriorly truncate. 
The rostrum has been broken oil almost entirely, but the broken margin indicates 
its existence. The visceral part of the valve is gibbous, with a strongly curred, 
only slightly prominent, and prosogyrate beak. The postorior portion is alate and 
separated from the visceral part by a sharp edge. 

The surface is adorned with numerous radiating ribs which are not of equal 
strength. In the visceral portion of the valvo one or two weaker ribs are intercala- 
ted between two stronger ones, but the difference in strength is not very conspicuous. 
In the alate posterior portion of the shell the ribs are of equal strength, but some of 
them are dichotomous, not simple, as in the visceral part. The radial ornamentation 
is crossed by a concentric one, which consists of much more delicate lines of growth. 
The intersection of these two systems of sculpture imparts a faintly reticulate 
appearance to tho surface of the shell. 

The measurements of my incomplete specimen arc as follows :— 

Length of the shell (without the rostrum) . . . .15-5 mm. 

Height of the shell 1» „ 

Thickness of the right valve 5 „ 

Locality and geological position: number of specimens examined.-KvMs^ 
shales south of Pomarang : 1. (Coll. Krafft) 
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Remark*.— The fragmentary character of the rostrum does not allow the position 
of this Himalayan species among its congeneric forms to bo decided with complete 
certainty. Conocardium ticulum appears to be a closely related species, especially 
from the absence of a cordiform anterior area, by which character it diffors from 
C. inarmatum and C. regulars, de Kon. Features of distinction between the Sicilian 
and Himalayan forms arc the larger size of the latter and the unequal strength of its 
radiating ribs. 

The presence of this remarkable genus in the permian rooks of the Himalayas 
is not without interest, sinoo Conocardium has not been recorded hitherto from 
palsoozoic strata in India. 

Gootomta sp. ind. aff. G. kasanexsis, Geinitz, PL VIII, fig. 11. 

• 

From the permian rocks of Russia two species of the family of Pholadomy- 
acidte, Gray, hare been described, which in their sculpturo agree most nearly with 
typical forms of the genus Goniomya, Agassiz. These species are Pholodomya 
katanentit, Geinitz (Naohtrage zur Dyaa, I, 1880, p. 38, PL VI, fig. 23), and 
Goniomya artiensis, Krotow (The Antinskian stage, Trudy Soc. of Naturalists, 
Imper. Univorsity of Kasan, T. XIII, pt. 5, p. 255, PL III, fig. 20). The appur- 
tenance of these two spooies to Goniomya is advocated by Netschajcw (Die Fauna 
dcr permisohen Ablagcrungen des ocstlichon Theiles des europaischen Russlands, 
L c, T. XXVII, pt. p. Sli), who insists on the importance of the peculiar V- 
shnped sculpture. As features of difference from the typical mesozoic spocies of 
Goniomya the following are quoted by Netschajcw : in typical Goniomya the 
shell is less inequilateral, the apex is approximate to the middle of the dorsal 
margin, the anterior and posterior margins are compressed, whereas in the two 
permian species the posterior margin is very broad. 

Some uncertainty must naturally provail, concerning the genus to which those 
species from the permian rocks of Russia bolong, since we are acquainted with 
fragmentary specimons only. I agree, however, with Netschajcw in not attributing 
to the characters enumerated by him a sufficient importance to remove those species 
from the genus Goniomya. It is more especially to the higher or smaller degree 
of incquilaterality and the more or less central position of the apex, that I can- 
not concede the least generic value, those characters being extremely variable in 
Goniomya. I consequently prefer to class both the Russian specios, G. katanenait 
and G. artiensit, and two more nearly allied forms from the Productus shales of the 
Himalayas, with Goniomya, although their generic determination is not perhaps 
altogether free from objection. 

One spocies of Goniomya from the permian Productus shales of Kalapdni in 
Byans has been described in the preceding chapter aud has boon illustrated on PL 
V, fig. 19, of this memoir. A second species has been discovered in Haydon's and 
Krafft's collections from the Kuling shales of Kuling in Spiti. My materials of this 
species consist of an incomplete specimen, with the posterior portion of the right 
valvo broken off, while of tho left valve only small fragments have been 
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preserved. These fragments, however, permit the relative position of the two valves 
to be fixed with certainty, and they clearly show that the species from Spiti differed 
from that of Hyans by its considerably less inflated valves. Another character of dis- 
tinction is marked by the more numerous V-shaped ribs, the lower angle of which 
is not situated along a vertical line drawn from the apex to the ventral margin, but 
is shifted obliquely towards the posterior portion of the shell. In all these characters 
the present species recalls G. kasanensis, Gein. Nevertheless an identification 
of the Himalayan and Russian spocies seems to me impossible, the latter being dis- 
tinguished by the presenoe of more numerous ribs with their angles shifted still 
more posteriorly. 

Measurements of this specimen cannot bo given on account of its fragmentary 
state of preservation. 

Locality and geological position : number of specimens examined.— Ruling 
shales, Kuling : 1. (Coll. Hayden and Krafft.) 

MropuoBioris (?) Krapfti, nov. sp., PI. VIII, fig. 9. 

Among the fossil materials collected in the Kuling shales of Spiti by Dr. A. v. 
Krafft there is a shell whose affinity lies entirely with the triassic species of the 
genus Myophoriopit, Wohrmann. The late Dr. Uittner, our greatest authority on the 
Lamellibranchiata of the Alpine Trias declared it to be most nearly allied to this 
triassic genus. There exist, it is true, some features of difference, as regards the 
relative dimensions of the two valves, nor can the appurtenance of our Uimalayan 
shell to Myophoriopis be established with certainty without any knowledge of its 
cardinal arrangemeut. But, on the other hand, I do not like to introduce a new 
generic designation for a single, incomplete specimen, and I consequently prefer to 
quote it provisionally as Myophoriopis (?). 

My specimen consists of both valves, which are attached to each other, but 
slightly dislocated. The two valves aro very markedly inequilateral, the right valve 
being the larger. The two apices have, unfortunately, been broken off, but from 
tho remaining fragments their strongly proso»yrate character is olearly evident. 
Below the apices a doeply excavated and cordiform anterior lunula is developed, 
which causes the lower part of tho anterior sh oil-margin to project considerably in 
front of the upper. 

From the apices in both valves a sharply roundod edge or ridge extends to the 
posterior end and divides the shell into two portions of very unequal size. This 
ridge, though very distinctly marked, is not carinate. In the broad posterior area 
a naiTow areola or escutcheon is only indistinctly developed. If present at all, it is 
reduced to a lanceolate fissure. 

The sculpture is very remarkable. It consists of concentric ribs only, but is 
different in the anterior and posterior portions of the main region in both valves. 
Prom the lunula very strong and prominent, acute ribs originate, which gradually 
diminish in strength towards tho apical posterior ridge. In the zone adjoining this 
ridge the strong and prominent anterior ribs are supplanted by very numerous and 
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delicate, oonoentrio oostae. These oostro cross the apical posterior edge, without 
interruption, into the posterior area, where they become gradually more deli- 
cate. 

No trace of any radial sculpture has been notioed. 
The measurements of this specimen are as follows :— 

Entire length > . x . , „ (31 mm. 

Height of the left valve . • . . . o*. 28 „ 

TbickaeM of both Tulvew . . . . .»,'*» 

Locality and neological potition: number of epecimena examined. — Kuling 
shales, nullah opposite Gaiohund, right bank of Parahio river : 1. (Coll. Krafft.) 

Remark*.— This remarkable shell is most nearly allied to the triassio genus 
Myophoriopis. 

The genus Myophoriopis was introduced by 8. von Wfihraiann (Jahrb. 
K. K. QeoL Reichs-Anst. XXXIX, 1839, p. 221) for a group of triassio shells 
which, notwithstanding their external affinities with Myophoria, are more nearly 
allied to Opis, and must find their proper place, in the geological system, in the 
family of Astartida, not of Trigoniida. Bittner, who merged Astartopis, Wdhrm., 
into Myophoriopis, described an isolated species of the genus from St. Cassian as 
M. Kittlii (Lamellibranohiaten der alpinen Trias, Abhandl., K. K. Geol. Ueichs- 
Anst., XVIII Bd., Ueft I, p. 114, Taf. XIII, figs. 11, 12). To this species my 
Himalayan examplo shows a closer affinity than to the group of M. lincata. Both in 
M. Kraffti and in M. Kittlii a deep, cordiform, anterior lunula is present, whereas 
the posterior areola or escutcheon which is strongly developed in M. lineata is 
reduced to a narrow, lanceolate fissure. 

From Myophoria the present species is readily distinguished by the presence of 
a deep, anterior lunula ; from Opis by the absence of a furrow in front of the apical 
posterior ridge, from which the shell in Opie ascends in a strong elevation, and 
by the absence of a keel bordering the anterior lunula ; from Astarte by the presence 
of a distinctly developed apical-posterior ridge. There is no genus to which it 
can be more appropriately compared than to Myophoriopis. The only feature which 
makes its appurtenance to the genus Myophoriopis somewhat doubtful is its strongly 
inequivalve shape. All the species of Myophoriopii hitherto described are provided 
with valves of equal or nearly equal size. In the genera of Astartida the valves arc 
altogether equal or subequaL It is therefore with some doubt that I refer my species 
from the Kuling shales to Myophoriopii, although it agrees with typical representa- 
tives of that genua in all other characters accessible to i 



Mbgalodus, sp. ind., PI. VIII, fig. 12. 

A fragmentary cast without any trace of shell substance is probably referable 
to the genus Megalodus, Sow. 

Should my identification be found to be correct, this species ought to be con- 
sidered as the first permian representative of Megalodontidts hitherto discovered 
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and as an intermediate link connecting Megalodus cuculiatvt, Goldf., of devonian age, 
withtriassic species of Megalodus and its allies. This is the only reason which 
might justify me in recording the presence of this specimen, which otherwise is abso- 
lutely unfit for specific determination. 

The internal cast, which exhibits the two valves firmly attached to each other, 
strongly recalls Megalodut in its external shape. The beaks, though almost entirely 
broken off, appear to have been prosogyrate. A broad anterior lunula is 
distinctly developed. The hinge-plate must have been very broad and mas- 
sive, as may be seen by the character of the ridge separating the deep excava- 
tions which have been formed by the removal of the weathered shell substance. 
In this ridge, which is only partly preserved, two impressions are noticed, the pos- 
terior and larger co responding probably to the principal cardinal tooth of the left 
valve. 

The posterior portion of the cast has been entirely broken. It is consequently 
impossible to state whether or not a posterior myophoric ridge was present. 

My cast is of moderately large dimensions, the distance of the two valves 
measuring 70 mm., and the height of the right valve 75 mm. In the illustration on 
Plate VIII the original size of the cast has been reduced to two-thirds. 

Locality ond geological portion: number of ipecimeiu examined.— Ruling 
shales, Ruling : 1. (Coll. Krafft.) 

GASTEROPODA. 

Entalis, sp. ind. (aff. hbrctlea, de Ron. ?), PI. VIII, fig. 18. 

A small fragment of a tubular, very elongated, but slightly curved shell is 
represented in the Himalayan collection. It is not sufficient for a specific determina- 
tion, but fossil remains of Dentalida are so rare in strata of upper palaeozoic age, 
that even such an imporfect fragment as the present one deserves notice. 

The turreted portion of the shell is very gradually and regularly tapering through- 
out. The apex has been broken off. The transverse section is circular, and exhibits 
a shell of considerable thickness, bearing a small tube free only in the middle. 
The surface is covered with a small number of delicate longitudinal riblets. The 
strire of growth are only indistinctly developed. They do not appear to be directly 
transverse, but somewhat oblique. 

The only hitherto known species of Entalit from the permian rocks in India 
is E. hereulea, L. de Roninck, from the upper Product us limestone of the Salt Range. 
The description and illustrations of Waagen (Salt Range fossils, Paheont. Indica, 
ser. XIII, voL I, Productus Limes t. Foss., p. 181, PL XVI, figs. 1—8) and of, 
Enderle (Ueber eine anthraoolithische Fauna von Balia Maaden in Rleinasien 
Beitr&ge zur Geologic und Paheontologie Oesterreich-Ungarns, etc., XIII Bd., p. 51, 
Taf. IV, fig. 1) give a very good idea of the characters of this form Although the 
possibility that the present fragment corresponds to the apical portion of a tube of 

til 
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EtUalit kerculea cannot be excluded, this suggestion has but very little probability. 
We shall be nearer the truth, I imagine, in believing the present species to be 
different from E. herculea, from which it is distinguished by the presence of delicate 
longitudinal riblets. 

Dentalium Meekianum, Geinitz (Carbonformation und Dyas in Nebraska, 
p. 13, Taf. I, fig. 20), from the coal-measures of Nebraska, is distinguished by its 
more rapidly increasing diameter and by its strongly curved tube. 

Locality and geological position : number of specimens examined.— Ruling 
shales, south of Pomarang : 1. (Coll. Krafft.) 

Bellerophon cf. Vigilii, Stache, PL VIII, figs. 15, 16, 17. 

1877. Btlleropkoa Vigilii, Btachg. Hit Fsniudcr Bellerophon talk* XaedtiroU, Jahrb. K. K. Geol. Releb*- 
Anrt, XXVII Bd., p. 228, T»f. VI, fig. 8. 

Numerous casts of a small Bellerophon have boon obtained from the Kuling 
shales south of Pomarang by A. v. Krafft. Some slabs of a thick-grained dark lime- 
stone or calcareous sandstone, which is intercalated in the black shales, are so full of 
sections and casts, that they strongly recall the Bellerophon limestone of the South- 
eastern Alps. All the better preserved specimens belong to a single, carinate 
species, with a deep slit-band, small body and greatly dilated aperture. It is probably 
identical with Bellerophon Vigilii, Stache, from the permian Bellerophon limestone 
of Enncberg in Tirol. 

In none of my specimens have portions of the shell substance been preserved, 
nor have I met with a single impression from which information might bo gathered 
concerning the external characters of the surface. It is only the absence of data 
available in this respect which makes me abstain from a direct identification of my 
Himalayan with Stachc's Alpine species. 

The measurements of one of my type-specimens (fig. 16) arc as follows : — 



tfae •bell 20 1 

„ „ „ umbilictt* 4 

Breadth of the lut volntioo nMr the commencement ot tba 

14 



Height of the » M t volute [ hom tUe a ^j« l ^ ; J\ ' 



•j 



My type-specimens consist of regularly increasing volutions, with a strongly 
expanded aperture. They are broadly carinate. In one of my examples traces of 
the slit-band are indicated. The casts are provided with wide and deep umbilici, 
exhibiting parts of the inner volution. The remarkable similarity of my Himalayan 
types to the Alpine Bellerophon Vigilii is obvious from the illustration 
of a cast in the Bellerophon limestone of the Enneberg Valley by Stache, 
which I have figured in Plate VIII, fig. 17, for comparison with the Indian 
species. 

Locality and geological position : number of specimens examined. — Ruling 
shales, south of Pomarang : 10. (Coll. Krafft.) 
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BRACHIOPODA. 

ChONETES LISSAKEN8IS, DienCT. 

In black shales of the Killing series near Po (left side of the Spiti river), 
rock specimens have been collected by Uayden, w hich are true lumachelhe, being 
made up almost entirely of casts of Choneles lissarensis. It is probable that besides 
this leading fossil other species of Chonetes are also present, but. their state of preser- 
vation renders them undeterminable. Most of the casts arc fragmentary and 
strongly weathered, but some examples have been discovered in which the distinctive 
features of Chonetea lismrensis are sufficiently well marked to allow a certain iden- 
tification. 

In the second part of the present volume the presence of Chonetes lismrensis 
has been signalized in Stoliczka's collection from the Ruling shales of Kuling. 

Productus of. gaxgeticus, Dioncr. 

1697. Product** </an<!*tibns. Dleoer. Tbo permmn foniN of the rroduetoi ifcabt of Komion and (Jtrhw<), 
Palwontol. Indies, tcr. XV, HimiUvan Fom.. toI. I, pt. 4, p. 28, PI. I, figa. 1, 2 ; PI. II, fif. 3. 

A considerable number of fragmentary dorsal valves of a large Product** have 
been collected in the black Kuling shales south of Pomarang by A. v. Krafft. All 
my specimens arc mere fragments of external casts, either of equal length and breadth 
or transversely oval. In their external characters they are very closely allied to the 
species described by myself as Productus gangeticus from the permian Productus 
shales of the Niti district. The valves arc very flatly convex, with wings slightly 
excavated and bent up along their margins. A broad median fold is only faintly 
indicated. The sculpture of the cast, consisting of numerous, regularly arranged, 
elongated, club-shaped tubercles in the visceral, and of very closely packed longitu- 
dinal spines in the marginal, portions of the valve, agrees very well with the 
ornamentation exhibited in the type-specimens of Prod, gangeticus from Pain- 
khanda. 

In none of my specimens has the apical region been preserved. I am conse- 
quently not able to examine its internal structure, which is one of the leading features 
of distinction in P. gangetictu. My examples are therefore too imperfect to 
warrant a certain identification, and their direct reference to Prod, gangeticus 
may have elements of doubt, although I know of no other species of Productus 
which could claim closer comparison, especially if the large dimensions of the present 
specimens are taken into consideration. In one of my fragments a length of about 
65 mm. corresponds to a width of about 90 mm. In a second specimen the corre- 
sponding measurements are 50 and 74 nun. A similar size is not attained by any 
Productus of the group of Ftmbriati, with the single exception of Prod, gangeticus. 

Locality ami geological position : number of specimens examined —Black 
Kuling shales, nullah south of Pomarang : 8. (Col. Krafft.) 
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Makginifera himala.tbnsi8, Diener. 

Numerous specimens, completely agreeing with those described in the second 
part of the present volume, have been collected by Hayden and A. v. Krallt in the 
black Cephalopoda-bearing shales of tho Ruling series. The chief localities from 
which they have been recorded are the following : north-north-west of Kaga, 24 ; 
north-west of Muth, 22 ; nullah opposite Gaichund, right bank of Parahio river, 3 '; 
north-north-west of Kaga, 12 ; Thanam Valley, 2 ; Druineh £. G., 11. 



Aulostbgbs cf. gigas, Netschajew, PL VIII, figs. 13, 14. 

\mU*t*9- 9*9". Wetaebajew. Tfe. f»a». of the ptrmira rocks hi ib. K*.ttro part of Borop^a 
Boajia (in Banian), Trudy 800. of NataralitU, Imptr. CnivorHitr of K"—«» t ttvii ... t 
p. 155, PI. Ill, 8*.. 1.3; PI. IV, 6^ »-6, 18. 7 <« T. MVII, pt. 4, 

1W0. Prtductm Purdmi, H»rden. G«n»ral Report, Gt»l. Son. of India, I898-1S0O, p. 188. 

Numerous examples of a large speoios of one of the Productidas occur in the 
permian sandstones of Po. The ventral valves strongly recall in their general shape 
Produetut Purdoni, Davidson. With this species they have been provisionally 
identified by Hayden. It was only after a careful preparation of their apical refrion 
that tho incorrectness of this identification could be proved by the discovery of a 
large area with a distinct pseudodeltidium. Thus the appurtenanoe of our Hima- 
layan form to the genus Aulotteget, Helmersen, was ascertained. 

There exists a very intimate relationship between my Himalayan specimens and 
the Russian Atdoitege* gigas, Netachajew, and I cannot help mentioning that they are 
only doubtfully distinguishable. If I do not unhesitatingly refer the Himalavan 
examples from Po to Netschajew's species, it is only on account of tho difficulty 
of a closer comparison of their details of ornamentation, the Russian type-specimens 
being provided with their shell, which in my Himalayan materials is only fragmcn- 
tarily preserved. But there is undoubtedly very little probability that A. gigot and 
its Himalayan representatives could be specifically separated. 

Among the genus Aulotteges there is no other species which in Us external shape 
so strongly recalls Product**. Ventral and dorsal valves have never been found 
attached to each other. The ventral valve is only moderately inflated, and always 
longer than broad. The hinge-line is shorter than the greatest breadth of the shell, 
which is situated in the lower or anterior portion of the valve. In the longitudinal 
direction the apical region is strongly vaulted, but in the visceral region of the valve 
the curve becomes gradually flattened, and again a little more distinctly arched near 
the front. In the transverse direction the lateral parts of the valve ascend steeply 
to the flatly arched and slightly impressed middle part,. In some of my specimens 
this mesial impression becomes sufficiently broad and distinct to form a true 
sinus. 

The hinge-line is perfectly straight, never arched as in Davidson's type- 
specimen of Product us Purdoni. It is bordered by a broad and flat area, which ia 
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covered by numerous and delicate vertical stria? of growth. It is interrupted in the 
middle by a narrow pseudodeltidium, which is bordered by parallel margins, strongly 
curved, considerably elevated above the surface of the area and ornamented with a 
few horizontal marks. The apex projects only very slightly beyond the area, and 
is barely incurred. In one of my specimens it bears a' very distinct, irregularly 
rounded mark of attachment, looking exactly as if it had been fixed to a foreign 
body. Otherwise it doas not exhibit any traces of malformation. 

The majority of my fragments are oasts in whioh fragments of the shelly layer 
have been only partly preserved. Nevertheless from a combination of the remain' 
ing fragments of the sholl in my numerous examples we are able to reconstruct the 
original ornamootition of its surfaco to a very considerable extent. This ornamen- 
tation consists of two elements of sculpture— coarse, closely arranged spines, and 
irregular concentric wrinkles. In the visceral region tho spines are stout and 
elongated, whereas in the marginal region they are replaced by rounded tubercles, 
which are more closely clustered together. 

Among the concentric wrinkles some are 83 strongly developed that tbeir marks 
are not restricted to the shelly layer only, but are visible even on the casts. But 
their number seems always to bo smaller than in Netsohajew's Russian type-specimen 
*of Aulotteget gigat (1. c, PL III, fig. 1). Besides the stronger concentrio wrinkles, 
a very delicate conoentrio striation is exhibited in those fragments of the shell 
which have not been injured by weathering. Where the internal cast is .perfectly 
uninjured, it is covered with small, pustular crenulations, but where it has been 
subjected to weathering, sharp longitudinal grooves appear in thoir stead. One of 
my casts is so strongly weathered that tho impressions of the cardinal or divarioator 
muscles are indicated as flat, trapezoidal prominences, covered with deep, strongly 
marked and very closely arranged furrows. 

To Netsohajew the dorsal valve of his Russian species was known only in the 
form of internal casts. Among my Himalayan materials two dorsal valves with 
their shelly buyer almost entirely preserved, have been discovered. In both of them 
the cardinal region has been broken off. The cardinal process, the remarkable 
shape of whioh has been illustrated by Netsohajew in Plate IV, fig. 6, of his memoir, 
is consequently not accessible to examination. 

The sculpture of this valve consists of very numerous, closely arranged, elon- 
gate and delicate spines, whioh are replaced by shorter ones in the vicinity of tho 
frontal and lateral margins. Outside the visceral region a few conoentrio wrinkles 
can be observed. The surface of the dorsal valve is flatly concave, with a very faint 
indioation of a shallow median fold. 

The measurements of my type-specimen are as follows :— 



Length ) 61 mm. 

Breadth C of the antral valve . . . . 64 „ 

Thickness ) 46 „ 

Breadth of the area . . . . . k 9 „ 

Length of the hinge-line . , . . . 40 ,. 



Locality and geological position : number of tpeciment examined. — Sandstone 
underlying Ruling sbaies, north of Po : 11. . (Coll. Hayden and Krafft.) 
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Remarks. — Though the present shells, which I consider to belong to Aulosteges 
gigas, show a very great resemblance to the typical form, as figured by Netschajcw, 
some slight differences might be pointed out, which to me, however, appear to be of 
too small importance to warrant a specifio distinction from the Russian species. 
This question is, however, not easy to decide, since tho differences oonsist exclu- 
sively in the ornamentation, of which character it is difficult to judge in my Hima- 
layan types on account of their state of preservation. 80 far as their sculpture is 
known to mc, it seems to differ slightly from that of the typical A. gigas by the 
smaller number of conccntrio wrinkles and by the closer arrangement of tubercles 
or spines. Nevertheless, I prefer to decide in favour of a provisional identification of 
my Himalayan fossils with Netsohajew's species from the permian rocks of Eastern 
Russia. 

Spibigbea Gbeauui, Dicner, PI. IX, figs. C, 7. 

* 

This is the commonest leading fossil of the permian sandstones underlying tho 
black Killing shales, whereas it is rather rare in tho shales themselves. The discovery 
of very numerous examples in all stages of growth has dono much towards the eluci- 
dation of the range of variability in this spooies. 1 refer the reader for infor- * 
mation concerning the distinctive characters of the species to the descriptions in my 
memoirs on tho faunae of the Produotus shales of Kutnaon and Garhwal (p. 47) 
and of tho anthracolithic system in Kashmir aud Spiti (p. 56) and in the forego- 
ing chapter on the fossils from the Produotus shales of the Lissar Valley. 

Tho variability, which is well displayod in a considerable number of examples 
from Spiti, chiefly affects the character of the dorsal valve, which is either with 
or without a mesial sinus. In typical forms t he dorsal valve is very regularly rounded 
in both directions, and no mesial elevation, nor depression, is developed. This 
type is illustrated in fig. 6. In this illustration the presence of concontric expan- 
sions is clearly cxhibitod. Besides this typical form a variety with a sinus has been 
noticed. Tho sinus is exactly of the same pattern as in the ventral valve, and 
moderately impressed and bordered by converging margins. It corresponds to a 
distinct omargination in the front -lino. 

In a specimen (fig. 7), which belongs to this sinuatod variety, some of the 
internal characters are accessible to observation. In the internal oast of tho ventral 
valve the stout crural plates forming tho base of tho dental sockets are shown. 
In front tho space left by the dental or rostral plates is marked by the steep slope of 
the posterior elevation of the socket-walls. The anterior adductor and diductor 
scars have been slightly obscured by weathering. 

Locality and geological position : number of specimens examined. — Sandstone 
underlying the black Kuling shales north of Po, 63 (coll. Hayden and Krafft) ; 
north above Thabo, 6 (coll Krafft) ; Larsa E. G., Thanam Valley, 3 (coll. Hayden) ; 
north-west of Muth, 4, (coll. Krafft) ; south of Pomarang, 6 (coll. Krafft). 

Black Kuling shales, north of Po, 1 (eoll. Hayden) ; south of Pomarang, 3 (ooll. 
Krafft). 
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Spirigeea cf. PEOTBA Tar. alata, Abich, PI. IX, fig. 5. 

1878. Spiriytra pretra tit. alata, Abich. Oeologiiah* r"orfohnnj*n la d^n KuiAMiaehen IAndtra 1*. Tfc. 
tint Bergkalfcbana am dm Araxtteage bti Djntia in Armenian, p. 66. Tat. VIII, &gi. 8, 5,6 1 
Trf. IX, iff. 10. 

1900. Spiriftr* protea nr. alata, Q. t. Arthaber, ia Freeh u. Arthab«r, Uebsr da* PalawtoieoiB in Hoc tar- 
mraitn ond Penitn. Beitrige tur Palseotalogia Oartarnkk-Ui^rus, etc., Dd. XII. Haft 4, p. 276, 
Tel. XXII, fip. 1. S. 

The existence of this as a Himalayan species depends upon a single specimen, 
with the apex of the ventral valve broken off, but otherwise very well preserved. 

A full description of the numerous varieties of Abich's Spirigera protea, one of 
the most characteristic types of the permian Otooeras beds of Djulfa, will be found in 
Dr. G. v. Arthaber b memoir. It may be incidentally montioned that I have 
been able to compare my example with Arthaber's Armenian type-specimens, to 
which his illustration* correspond in every respect. 3Iy example agrees with them 
in all characters of importance. The points in which tliey differ aro inconsiderable 
and barely of specific value ; they consist of a stronger development of the varietal 
characters than is met with in Abich's type. 

The present specimen is of triangular shape, strongly inflated, and probably 
broader than long, so far as we may judge from the dimensions of the smaller valve. 
The cardinal angles are rounded. The arrangement of furrows or intercostal valleys 
is exactly the same as in the Armenian examples, but both the furrows and the in- 
termediate elevations are more strongly developed. The sinus in the ventral 
valve is very deeply impressed and regularly rounded at the bottom. The two valleys, 
which border the high and narrowly rounded folds on each side of the mesial sinus, 
can bo traced into the vicinity of the apical region. The same remark applies to 
the doep furrows in the dorsal valve, which separate the two lateral elevations from 
the mesial fold. The top of the latter is not so broadly flattened as in the Arme- 
nian examples; a mesial furrow along its crest is consequently only quite 
indistinctly developed. Thus a developmental series of varieties can be traced from 
Spi'-igera protea var. quadriiobata to the present specimen, which is characterized 
by a gradual decrease in the development of a mesial furrow along the top of the 
dorsal fold. 

Although the shell has been partly preservod, I have not. succeeded in 
discovering any traces of a radial ornamentation. Striae of growth, however, are 
rather strongly developed, especially along the two mesial folds of the ventral valve, 
where they are not confined to the vicinity of the front. 

The measurements of the present specimen are as follows :— 

Length of the doT*»l valve ... . • • .IS mm. 
Breadth of the dorsal valve . , , , . , 19 5 ,, 

Thiokneaa of both vmlvea ....... 15 ,, 

Locality and geological position f number of specimen* examined— lihxk 
Kuling shales, north-west of Muth : 1. (Coll Krafft) 

2 B 
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Be'»arkt. — There can be no doubt that this specimen belongs to Abich's 
group of Sfirtgera protea. A satisfactory diagnosis of this remarkable group 
has been given by 6. v. Arthaber. Its distinctive features are : the presence of 
median furrows in both valves, especially in the ventral, which are bordered by 
strong folds; the development of secondary lateral folds and corresponding furrows ; 
the peculiar shape of the frontal wave, which shows a large median saddle of either 
high and rounded or low and angular outlines, bordered on each side by a deeper or 
principal and by a smaller, secondary lobe. In this diagnosis all the important 
characters of my Himalayan specimen are included. But I must go a step farther 
and suggest that the Himalayan Spirigera protea is probably identical with 
Abich's tor. alata, although some difference is shown in the details of their features. 
Some paltBontologists may probably deny the identity of the two shells and may 
prefer to retain a special varietal denomination for the Himalayan form. But as 
the general character is the same in both, and as the differences consist in a stronger 
development, or accentuation, of the distinctive features of the car. alata, I have 
oome to the conclusion that the term alata might advantageously be made use of for 
the Himalayan species. 



I can add but very little to what has been stated in my memoir on the an t lira - 
oolithio fossils of Kashmir and Spiti and in the third chapter of this mono- 
graph. 

The species is very numerously represented in Hayden's and Krafft's collections 
from the Kuling shales. Several examples have been met with at Lilang in the 
same slabs of rook from which specimens of Cyclolobut wero extracted. Tho 
species seems to be entirely restricted to these shales, which form the uppermost 
portion of tLe Kuling series in Spiti. No specimens are recorded, either from the 
underlying pcrmian sandstone or from the Fenestella beds and the grey flaggy 
limestone of Muth with Spirifer Cttrzoni. 

The most characteristic feature in the sculpture of Spirifer rajah is the pre- 
sence of coarse, broadly vaulted, primary rib?, each of which is ornamented by a 
variable number of lower, secondary oostse. In one of my specimens from Kaga 
tho primary ribs are loss prominent than in the generality of examples. Although 
each of them corresponds to a bundle of secondary costse, the intermediate valleys 
are only slightly more strongly developed than the furrows separating the secondary 
ribs. Thus an ornamentation is produced which somewhat recalls that of Sp. 
Frittchii, Schellwien (Paheontographioa, 39 Bd., 1892, p. 43, Taf. V, figs. 4—8, 
Abhandl. K. K. Geol. Beichs-Anst, XVI Bd., p. 71, Taf. X, figs. 7—10). Never- 
theless the difference, especially in the shape of the sinus, is sufficiently well marked 
to exclude any possibility of confounding the two species, which in their typical 
forms are very far distant from each other. ** 

Locality and geological position : number of specimen* examined Black 

Kuling shales, Lilang, together iwith Cyclolobut Krajfli, Dion., 3 (ooll. Krafft); 
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seven miles north-north-west .of Kftga, 7 (coll. Hayden) ; Thnnam Valley, 3 (coll. 
Hayden) ; Kuling. 1 (colL Krafft) ; north-north-west of Kaga, 4 (coll. Hayden) ; 
north-north-west of Mnth, 22 (coll. Krafft) ; south-east of Muth, 2 (coll. Hayden) ; 
nullah opposite Gaichund, right bank of Parabio rivet, 3 (ooll. Krafft). 

Spirifer MarCOTJI, Wangea, PL VII, fig. 1. 

1858. Spiri/tr Hriattu, Mnroan. Goology of M*rtli Amnio*, p. 49. PI. VII, fig. 8. 

1888. 8piriftr Morcoui, Wugen. Skit Rtogo FomIIi, P*)>ootol»git InJiw, Mr. XIII, vol. I, Prodorhu 
LinoMtdDs Fsu„ p. 610, PI. XLT1I. 

Two large and partly weathered, but almost complete, examples of this charac- 
teristic and easily recognised species have been met with. They are not inferior 
in size to the largest specimens collected by Waagen in the Productus limestone 
of the Salt Range. Their most oonspicuous peculiarity is the deep rinus of the 
ventral valve and the corresponding high and crest-shaped mesial fold in the dorsal 
valve. The mesial sinus is sharply impressed in the middle and limited on both 
sides by obtusely ronnded ridges. In the figured specimen tho area is compara- 
tively low, whereas it is nearly twice as high in my second example. But in both 
specimens it is straight, not concave as in Spirifer Rawna, Dienor. 

While describing Sp. Banana in the fourth part of the present volume 
(p. 34), I did not omit to refer to the several difficulties in the way of a satis- 
factory determination of this speoies. It is so nearly allied to Sp. Marcoui 
that I considered it only a matter of taste whether the differences between them 
should be admitted or should not as sufficient for the distinction of two separate 
species. As distinguishing features tho following have been enumerated : the con- 
cave shape of the area, and the presence of broad, shallow ridges or folds, following 
the direction of the striae in Sp. Banana. My examination of two true represen- 
tatives of Waagen's Sp. Marconi has convinced me of the correctness of 
this statement. Whereas the breadth of the area is a variable feature, its shape 
appears to be a character of greater importance, my two examples of Sp. 
Marconi from Spiti differing in this respect from my type-specimen of Sp. 
Ravana from the Productus shales of Kiunglnng E. G. Nor is any trace of folds or 
ridges observable in the present specimens of Sp. Marconi. Their surface is 
covered with numerous and delicate radiating stria?. In tho dorsal valvo of the 
figured specimen a tendency to form bundles or fasciculi is rather indistinctly 
developed, whereas fasciculi are entirely absent in the ventral valve. But such 
fasciculi of radiating lines are different from the shallow foldB in Sp. Ravana, 
which in the latter species do not correspond to separate bundles of striae. 

It cannot, however, be denied that these distinctive features are of so little 
value that the name Sp. Ravana might perhaps be used better as a varietal 
than as a specific denomination. 

In the dorsal valve of the figured specimen the radiating lines are crossed by 
imbricating, irregular marks of growth. 

i at 
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The measurements of the figured specimen are as follows :— 



Entire length of the shell . 






• 66 mm- 


w breadth ,, ,» . 






. »* 


Length of the dorol veJve . 


• • 


• • e 


. • 57 „ 


Thiekneti of both valvee 




• • 




Breadth of the area of the renti 









Locality and geological position : number of specimens examined. — Sandstone 
underlying Kuling shales, north of Fo : 2. (Coll. Hayden and Krafft.) 

Remarks. — Spirtfer Marconi is quoted from the Amb beds (lower Productua 
limestone) and from the base of the middle Productus limestone by Waagen. 
According to Noetling it is one of the leading fossils of the Amb beds. 

Prof. Waagen quotes Marcou's Sp. struttus as a synonym of Sp. Marconi. 
Marcou's typo-specimen was found at Pecos village (New Mexico) in a bed of 
limestone, which probably forms part of the coal-measures. 

Spiripbr pascigbb, Keyserling (= 8piriper mtjsakhbylrnsis, Davidson). 

Very largo examples of this species have been recently found by Mr. Ilayden in 
the black shalos of the Kuling series in Spiti. A fairly complete ventral valve 
from Kaga measures 52 mm in length and 120 mm. in width. A dorsal valve from 
the same locality measures 51 mm in length and probably more than twice as 
much in breadth. 

To the detailed descriptions which have been given in Part 4 (p. 35) and Part 2 
(p. f-3) of the present volume, I have but little to add. The variability of the 
shapes is, however, even greater than I had formerly supposed. Among the lar^o 
Himalayan materials entrusted to me for examination no specimen had hitherto 
boon found agreeing completely with Tsohernysohew's and Grnenewaldt's type-speci- 
mens of Spirifer fasciger in the character of the folds. Now in the sandstones under- 
lying the black Kuling shales of Kaga a dorsal valve has been discovered by ilayden, 
in which the folds corresponding to the fasciouli of ribs aro not rounded, as in the 
generality of Indian types, but provided with acute edges. That Sp. fasciger and 
Sp. nitiensis are linked together by a series of intermediate shapes, will be explainwl 
more fully in the following description of the latter species. 

Locality and geologial position : number of specimens examined— Sandstones 
underlying black Kuling shales, north of Po, 10 (coll. Hayden and Krafft) ; north 
above Thabo, 3 (coll. Krafft). 

Black Kuling shales, north-north-west of Kaga, 3 (coll. Hayden) ; Lilang, 1 
(coll. Krafft) ; north above Thabo, 3 (coll. Krafft). 

Spiriper nitiensis, Diencr. 

In my memoir on the anthraoolithic fossils of Kashmir and Spiti (p. 65) I 
signalized the presence of this species in the sandstones associated with the black 
Productua or Kuling shales near Po in Spiti. At the same locality a Urge number 
of examples has been recontly collected by Hayden and Krafft. 
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It is a rather astonishing faot that among these specimens single ventral valves 
by far predominate, whereas dorsal valves are extremely rare. 

The most conspicuous character of this species is its strongly transverse, often 
fusiform shape. Typical forms are very easily distinguished from Spirtfer fasciger 
by their remarkable width and peculiar ornamentation. The latter is characterized 
by very numerous fasoiculi of ribs, oaoh of them consisting of a small number (three 
to four) of single oostm of unequal strength. But in a considerable number of 
specimens the ribs composing the different fasoiculi booome eithor indistinct or 
nearly equal in strength. The central rib, whioh in typioal shapes is the most 
prominent, gradually diminishes in size from the fasoiculi bordering the mesial sinus, 
towards the attenuated wings whioh are only very delicately plicated. Thus true 
transitional forms between Sp. nitiewin and Sp. fatciger may occasionally be found 
in whioh the larger number of fasciculi remains the only uncertain feature of dis- 
tinction. If the ornamentation has been obliterated by weathering, a determination 
of fragmentary specimens may become difficult, but in well-preserved examples 
one rarely finds any difficulty in keeping the two species separate. 

By gradual obliteration of the secondary ribs oxoeptional shapes of Sp. aitunuit 
approach rather closely to some types of the permian Sp. alatut, Schloth. But the 
true Sp. alattu remains always comparatively small and its ribs are less broad than 
the folds, which in Sp. nitientia result from a coalescence of three or four indistinct 
secondary costio. 

The species attains very large dimensions. In the permian sandstone north of 
Po a ventral valve has been collected by A. v. Krafft and flayden measuring 42 mm. 
in length and about 130 mm. in width. 

Locality and geological potition : number of ipeciment examined.— Sandstones 
underlying black Kuling shales, north of Po, 18 (coll. Hayden and Krafft) ; north- 
north-east of Po, 1 (coll. Hayden) ; south of Pomarang, I (coll. Krafft). 

Spirifeb Distepanii, Gemmellaro, PI. IX, figs. 2, 3, 4. 

1899. Spirtftr Ditttfanii, 0«it>a>»U»ro. U Han. <Ui o»U»ri con F»»olio» d*lU V»U« d»l F. 8o«i«, FiM. IV, pt*. 

I, p. 300, PI. XXXVI, fig*. 18—26. 

This species, as introduced by Gemmellaro, contains forms which in their 
general shape recall the group of Spirtfer pinguit, Sow., with smooth sinus and 
dorsal fold, and with very delicately ornamented lateral parts. Among Krafft's and 
Eayden's Himalayan collection it is represented by a large number of examplos. 
Though nearly all of thorn are fragmentary, an examination of several specimens is 
sufficient to afford a clear idea of the characters of the species. 

The majority of my spocimens are smaller than Gcmmellaro's type-specimens 
from the Sosio limestone of Sicily, and only one attains the dimensions of his 
largest type-specimen (figs. 21 — 24). Suborbioular shapes, recalling Gemmellaro's 
illustration in figs. 19 and 20, are an exception. Transversely elongate shapes 
largely predominate, and some exceptional shapes (fig. i) are nearly twice as wide 
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as long. The hinge-line is always considerably shorter than the greatest width 
of the shell, and provided with rounded cardinal angles. The greatest transverse 
diameter is situated a little anteriorly to the middle of the length. 

Another character, which is subject to some variation, is the convoxity of the 
valves. Thus size, gibbosity and proportional width are as variable in tho present 
species as in any belonging to the genus Spirtfer. But, in accordance with Prof. 
Davidson, I am convinced that these characters cannot be considered as of specific 
importance in the group of Sp. pingttu, since they vary in almost every individual, 
and since every link may bo traced connecting the most extreme variations 
represented by cither form. 

The illustrations which I have selected for Plate IX do not prove conclusively 
the intimate affinity between the different shapes, but my opinion as to their 
specific identity has been founded upon tho examination of forty individuals. 

In all their characters, excepting those of size, gibbosity and proportional width, 
my specimens are identical. The ventral valve, which, as a rule, is a little more 
convex than the opposite one, is provided with a smooth modian sinus, which origi- 
nates at the apex as a narrow sulcus, bordered by sharp margins, and widens 
out considerably towards tho front. It is always distinctly defined and either 
rounded or flatly depressed at the base. In none of my specimens is there any trace 
of ornamentation within the sinus, which either is, or is not, produced into a tongue- 
shaped process at tho front. 

In the dorsal fold a broad mesial elevation or fold corresponds to the smooth, 
strongly diverging sinus of the opposite valve. This fold is always marked off from 
the remainder of the shell by distinct furrows, and is, as a rule, flattened or only 
slightly convex along its top. In specimens provided with a tongue-shaped process 
at the front of tho ventral valve the fold becomes very prominent anteriorly. It is 
either smooth or interrupted by a delicate modian groove or furrow. 

In both valves the lateral parts are ornamented with a variable number of ribs, 
which are never very strongly developed, but in some examples become so delicate, 
that they are only noticed if looked at under special conditions of light. They are 
always moro distinctly developed in the dorsal valves. 

Where the surface of the shell has been preserved, ooncentrio strise of growth 
can bo soen intersecting the radial plications. 

The beak of the ventral valve is small, prominent and pointed. The hinge- 
line is bordered by a low and narrow area. In the generality of Himalayan 
examples it is even lower than in Gemmellaro's type-specimens. 

The relative proportions vary considerably, as will be perceived from the 
measurements tnken from three fairly complete individuals. 







I. 


11. 


III. 


Entire length of the shell . 


• 


21 mm. 


23'5 mm. 


21 mm. 


„ breadth „ „ 




. 88 „ 


M „ 


86 „ 


Length of the dorsal valve . 


• 


. 18 „ 


*1 „ 


18 6. 


,. „ hinge-line 


• 


M „ 


1» 


17 „ 


ThicknesB of both valves 


• 


. 16 ., 


1» „ 


18*5- 
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Locality and geological potition : number of ipecimetu ex«w*Meci.— Sandstones 
underlying black Ruling shale*, i miles west of Po, 24. (coll. Krafft) ; north of Po, 
13 (coll. Hayden and Krafft) ; north above Thabo, 2 (oolL Krafft) ; half-way between 
Po and Mini, left bank of Spiti river, above Dankhar road, 2 (coll. Hayden). 

Stbzptokbtnc bjss of. l-ECTiNiroRMis, Davids., PL IX, fig. 8. 

1882. 8tr*ptorkynckiH fwti*ifermii,D*r\A«>a. Ob »m»» cwbaniiwoM iineliiopods, aollected in India by 
A. Flawing »nd W. Puidoo, Qg»rl. Jonrn^ 0«oL 800, Lradra, vol XVIII, p. 30, PI. I, fig. 17. 

1863. Stnptorhfeiu* petiniformit, D»ri4ton, in L. de Konloek, Memoir it* l<m»il«. jHkleoiol<a« reeueillli 
d.Dtn..d«.p.»?,Pl. X. fig. 17. 

18fi*. Strrptoriwtitu ptttintftnu: W.«g.i>. 8oH H»ag« PoMiW. P»lwonnlofU Indu*, mr. XIII. toI. 
I. IWucto, Itawtow Fo«U. p. W7, PL LV. fig.. 4-11. 

Most of the specimens by which the sub-family of Orthothetinm is repre- 
sented in Hayden's and Kraift's oollootions are specifically undeterminable. One 
example only, consisting of a single ventral valve, may be provisionally identified 
with Streptorhytvkus pectini/ormit, Dav. Everyone who is acquainted with the 
difficulty of determining shells belonging to a genus of the Orlhotketitue will under- 
stand the reasons which induce me to consider this identification far from being safe, 
although tho external characters of my example speak rather strongly in its 
favour. 

The ventral valve is of triangular, semiconical shape, and little inflated. The 
latter character is contradictory to "Waagen's diagnosis, who describes the ventral 
valve of St. pectintformu as strongly inflated and equally curved in the longitudinal 
and transverse directions. But some of Waagen's illustrations (1. c, I'l. LV, figs. 
5, 7) clearly show that very moderately inflated examples occur togother with more 
gibbous ones. 

The apex is greatly attenuated but its pointed beak is not accessible to exami- 
nation, having been broken off. The front-margin has not been preserved. The hinge- 
line is considerably shorter than the greatest breadth of the shell. It is bordered by 
an area, which is broader than high, slightly concave and interrupted in the middle 
by a narrow, convex pseudodeltidium. 

The sculpture agrees entirely with that of the Salt Range specimens of St. 
pectiniformi*. It consists of radial strisB, which originate in the apex and 
cover the entire surface of the valve, and of irregular, radiating plications, 
which occur to the numbor of ten or eleven in the visceral and marginal regions of 
the shell. The striation remains approximately parallel to the coarse plications, but 
occasionally converges irregularly towards tho top of the latter. 

It is chiefly this remarkable ornamentation on which my identification of the 
Himalayan specimen with St. peotiniformis is founded. A similar sculpture is 
exhibited in Meekella tlriatocostata, Cox, of which satisfactory illustrations have 
been given by Geinitz (Carbonforination und Dyas in Nebraska, 1866, Tat. Ill, 
figs. 22—24) and by Meek (Palaeontology of Eastern Nebraska ; Meek and 
Hayden, Final Report of the U. S. GeoL Surv. of Nebraska, PL V, fig. 12). But 
the American', examples figured by these authors are sub-globose, becoming very 
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convex with age, although a generic difference between Streptorhynehus pectini- 
formis and Meekella striatocostata is only rovoaled by their internal characters. 
"With regard to the latter I can only say that in my Himalayan specimen no traces 
of dental plates aro observable in the apical region. This fact tends to confirm the 
correctness of placing the Himalayan species among the genus Streptorhynehus, not 
among Meekella, but I must hasten to add that my statement is based on an 
external examination of the apical rogion of my specimen only, not of a transverse 
section, which could not be made without destroying the specimen. Thus the iden- 
tification with St. pectintformis cannot he considered as perfectly safe. 

The present valve is provided with a small number of strongly marked ridges 
of growth, which form very indistinct zig-zag line;, recalling in this respect the 
irregular ridges in the Punjab specimen illustrated in fig. 7 of Waagen's memoir, 
rather than Davidson's type-specimen. 

Locality and geological position : number of specimens examined. — Sandstone 
underlying black Ruling shales, north of Po : 1. (Coll. Krafft and Haydon.) 

Remarks on the species of Orthothetinee represented in Sat/den's and Kraft's 
Himalayan collections. — A small number of ventral and dorsal valves from the permian 
sandstone of Po recall the group of Serbyia senilis, Phill. J), grandis, Waagen, and 
2). regularis, Waagen, might be compared with them, but the fragmentary character 
of the apical portion in the vontral valves excludes the possibility of a generic 
determination. Thus I must be satisfied with recording the presence of sj ecies 
belonging to the sub-family of Orthothetinee in the permian rocks of 8piti. 



Specimens of this interesting species, a full desciiption of which has been given 
in the notes on the fauna of the Productus shales of the Lissar Valley, have been 
discovered in the permian sandstones underlying the black shales of the Ruling 
scries ; near Thabo 3 were collected by A. v. Krafft, and north of Po 8, by Krafft 
and Eayden. 



Diklasma La Touch ei, Diencr. 
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"VI.— CORRELATION OP THE ANTHRACOLITHIC SYSTEM IN 8PITI 
WITH THE CARBONIFEROUS AND PERMIAN SYSTEMS 
IN EUROPE AND INDIA. 

Wherever in Spiti a complete series of the anthracolithio system is developed and 
well exposed, two groups can be recognised and distinguished, as has been stated 
by Hayden. Both groups are separated by a great unconformity, and differ 
remarkably in their faunistio character and in their lithological features. 

The group above the great unconformity, which corresponds to the Productus 
shales of the Niti area, is much better known than the lower division, because 
richer collections of fossils have been examined. The sequence of beds has been 
oarefully studied by Hayden and A. v. Krafft According to their observations 
the series above the great unconformity can again bo divided into three sub-divisions, 
in descending order 1 — 

C. Black shales with limestone partings. 

B. Calcareous sandstones. 

A. Unfossiliferous grits and conglomerates. 

In 1901 Noetling (Bcitriigc zur Qeologie der 8alt Range, inabesondere der per- 
mischen and triassischen Ablagerungen, Neues Jahrb. f. Min., etc., Beilageband XIV, 
p. 443) compared these rock-groups with the Productus limestone formation of the 
Salt Range. He correlates the black Kuling shales (C) with the upper Productus 
limestone or Chidru group, the calcareous sandstone (B) with the middle Productus 
limestone (Virgal group), but leaves the question undecided as to whether the underly- 
ing grits and conglomerates ought to be considered as equivalents of the Warcha and 
Amb group or only of the Amb beds. 

The results of my examination of tho fossils collected in the black Kuling shales 
and in the underlying calcareous sandstones by Hayden and Krafft are entirely in 
accordance with NOetling's correlation. 

The correlation of the basal grits and conglomerates cannot be based on palat- 
ontological evidence, no fossils from this rook-group being represented among the 
Himalayan collections. But the two following divisions contain numerous remains 
of marine animals of a decidedly permian age. 

The following is the list of fossils described from the black Kuling shales with 
limestone partings, which form the topmost group of the permian system in Spiti 
and pass gradually into the lowest beds of triassic age (zones of Otocerat Wood- 
tcardi, Griesb., and Meekoceran Noetlingi, Krafft) : — 

Cephalopoda. 

Orthottrat, ip. ind. 
jVauJi'/w (G rypocerat) , sp. ind. 
XcHatpit cf. carhonaria, Wug. 
Cjtlotobut d. Oldiami, W«ag. 

* 0 
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Cyelolobut iutignu, nov. ep. 

„ (Kratftortrat) Kraffti, dot, ap. 

„ Hagdtni, nor. ap. 

Afodiolopiii Teplofi, Vera. 
Soltmga biarmiea, Vera. 
Mglilut, ap. ind. 

CoHOcardium ap. ind. aff. tiemlo, Oemm. 
Osgtoma laticottalum, Netach. 
GwMowya ap. ind. aff. A'a«anmti#, Oemm. 
Myopkoriopit Kraffti, hov. ap. 
Megal&dut, ap. ind. 

Gasteropoda. 

Entalu, ap. ind. 

Belltropkon cf. FietJit, Stache. 

Brachiopoda. 

Product** of. gangeticu*, Dien. 
Slargiuifera kimalagt**U, Dien. 
Ckoncttt liuarentit, Dies. 
8pirifer rajak, Salter. 

„ fatciger, Keyaeri. 
Spirigera of. jwofcfl »*r. atoa, Abich. 

i. Uerarat, uien. 

These fossils are, howovor, not generally distributed throughout the Ruling shales, 
but appear rather to be confined to certain localities only. In the following list the 
fossils of this horizon have been enumerated with respeot to the localities where they 
have boon collected. 

Otgtcma latkotl-atum, Netach. 
Modioioprit Teplofi, Vera. 
Solemya cf. biarmiea, Vern. 
Cottoeordium ap. ind. aff. Oemm. 
Kntalit, ap. ind. 
Bdleropbon of. Vigilii, Stactie. 
Product* cf. gangeticu*, Dien. 
Spirigera Gerardi, Dim. 

N.-W. Of Muth. 

Ortkoeerai, ap. ind. 

Spirigera cf. protea var. d/tif*, Abich. 

8pirj/er rtjah, Salt. 

Marginifera kimalayentu, Dien. 



Digitized by Google 



SPITI ANTHRAC0L1THIC 



195 



Dankti E. G. 
Xenatpu of. carlomaria, Waag. 

N.-N.-JF. of Kdga. 

Cydolohu* «f. OUlami, Waag. 
Spirifer rajat, Salt. 

fateiftr, Kcvarrl. 
Marginifera kimalaytntit, Dian. 

Ntdlah opposite Gaiehund. 

Myopioriopi* Kraffti, nov. gp. 

r«>*, Salt 
tfarfiuifera iimalafe**it, Dien. 

Cfclolobut intiymit, nor. ap. 

„ Baydtni, nov. ap. 

„ Kraffti, nov. ap. 
Myiilut, ap, ind. 
Spirtfer rcgah, Salt. 

„ fatcijer, KevmrL 

Cyelolcim Saydeni, nov. ap. 
Goniomja ap. ind. aff. Iommmm, Gemni 
Mtgaloivt, ap. ind. 
Marginifcra himalayitaii, Dien. 

4* •/«■ «»'«*» Salt. 

ricifiity o/ Po. 

Cyelolobu* Haydeni, nov. ap. 
Jfatitiln* (GrtpoeeroM), sp. ind. 
Ckonete* littarcntit, Dien. 
Spirigtra Gerardi, Di«. 

Only two species, which must be considered as the commonest leading fossils 
of this horizon — Marginifera himalayentis, Dien., and Spirifer rajah, Salt. — are of 
a geographically wide and equal distribution throughout the permian Ruling shales 
of Spiti. 

The fossils to which the greatest stratigraphical importance must be attributed 
are the ammonites of the two genera Cyclolobus and Xcnatpis. The presence of a 
species which is most nearly allied if not actually identical with Cyelolobu* Oldhami, 
"Waag., and the frequent occurrence of representatives of the genus Cyclolobut, speak 
very strongly in favour of a correlation with the upper Produotus limestone of the Salt 
Range. In the 8alt Rango Xenaspi* carbonaria is, according to Noetling, restricted to 
one singlo horizon only, namely, to the top beds of the middle Productus limestone. 

2 o 2 
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Whether it is the true Xenaspis carbonaria which has been discovered in the Killing 
shales of Danksa E. G. by Hayden, or only a very nearly allied species, cannot be ascer- 
tained. Its presence in the Kuling shales of Danksa is in no sense adverse to a correla- 
tion of the main mass of the Killing shales with the upper Froduotus limestone. The 
species has not been found together with Cyclolobut, but may indicate that the zone of 
X. carbonaria is probably inoluded in the fauna of the Killing shales of Spiti, which 
in general are homotaxial to the upper Prod actus limestone or Ohidru group of the 
8alt Range. This is Noetling's view, with which I fully agree, considering new 
researches concerning tho distribution of X carbonaria in tho Kuling shales as neces- 
Bary for settling the question. 

A bed of peculiar interest is the limestone which south of Pomarang is intercalated 
in the dark, micaceous Kuling shales. It is rich in gasteropoda and bivalves, and 
recalls the Bcllcrophon limestone of the South-Eastern Alps. With the fauna of 
this remarkable horizon it has probably one species— Bellerophon VigUii, Stache — 
in common. The predominance of European pormian types in this limestone is an 
interesting fact. Three species of bivalves— Modtolopai* Teplofi, Solemya biarmica, 
Oxytoma laticoatatum—^ae identical with such from the permian strata of Russia, 
whereas another one is most nearly allied to Conocardium ticulum from tho permian 
Fusulina limestone of 8osio in Sicily. 

As faunistio elements of special interest in the Kuling shales of Spiti, Grypocera* 
sp. ind., Myophoriopis Kraffli and Spirigera cf . protea var. alata may be quoted. 
The first and second are remarkable for their decidedly triassic affinities, the third 
belongs to a group of forms which has hitherto been rooorded only from the permian 
rocks of Djulfa. 

Tho calcareous sandstone underlying the black Kuling shales has yielded numerous 
fossils in the sections of Po, Muth, Thabo and south of Pomarang. Tho fauna is, how- 
ever, rather poor in species, though very rich in individuals. The following is the list 
of fossils described from this horizon : — 



Aulotleget cf. gigat, NetscK 
Spirifer falHltr, Keyserl. 

„ nitientii, Dian. 

„ IHtt^fanii, Oemm. 

„ Martoni, Wiva^. 
Sf-iriffera Gerardi, Diea. 
8treptorkj*e*v* cf. pediniformit, Dav. 
Dtrbyia (?). pi. sp. ind. 
Dulatma La Tovciei, Dien. 



Zamellibranchiata . 



Oxytoma latieot/aium, Netscb. 
Jciculopee/ttt, sp. ind. 



Brachiopoda. 
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Three species— Oxytoma latiooatatum, Netsoh., Spiri/er/ateiger, Keys., Spirigcra 
Oerardi, Dien. — are also known from the black Killing shales. 

With the Froductus limestone of the Salt Range this horizon has three species 
in common : Spiri/er fatciger, Sp. Marcoui and Slreplorhynchut of. peetiniformis. 
The first species ranges throughout the entire Productua limestone series, the second 
has been quoted from the Amb beds and from the Lower Division of the middle 
Productus limestone by Waagen, the third from the middle and upper Prodnctus 
limestone. 

An affinity to the permian faunro of Europe is indicated by three identical 
species : Oxytoma latiooatatum, Aulosteges gigat and Spiri/er DittefanH. 

Although no very close relations seem to exist between the fauna of this horizon 
and that of the Salt Bange Productus limestone, the present fauna, judging from 
its general geological character and from the intimate stratigraphical connection of 
the Ruling shales with the underlying calcareous sandstones, can only be looked upon 
as an equivalent of the Virgal group or middle Productus limestone, as has been 
suggested by Noctling. 

Griesbach correlated tho Kuling shales of Spiti with the permian Productus 
shales of Johdr and Painkhatida. This correlation, which was chiefly based on 
stratigraphical and lithological characters, has been fully confirmed by paheontological 
evidence. The following species of the Productus shales of the Niti district, the 
Lissar Valley and Uyans are identical with forms from the black Kuling shales and 
from the underlying calcareous sandstone in Spiti : — 

Ckotutet liuarennt, Dien. 
Product** gangetieuf, Dien. 
Marginifera himalaventit, Di«o. 
Spiri/er rajah, Salt. 

„ fatciger, Key«erl. 

„ nitieutit, Dice. 
Spirigtra Gerardi, Dien. 
Dielatma La Touch* , Dien. 

The majority of these species are restricted exclusively to the permian rocks of 
the Himalayas, and do not occur in any other areas. 

Both the black Kuling shales and the underlying calcareous sandstones of Spiti 
are included in the Froductus shales of tho eastern districts of the Central Himalayas, 
where the thickness of tho permian system has been considerably reduced. Rock 
specimens which are lithologically similar to the calcareous sandstone of the 
Kuling series in Spiti have been noticed in Gricsbach's collections from Kiunglung 
E. G., but from his description 1 it is evident that no distinct horizon of sandstones 
is developed at the base of the black Productus shales in the Niti area, but that " the 
thickness of the shales is divided by a few irregular partings of sandstone only." 
The correlation of the Froductus shales of Johar and Fainkhanda with the Salt 
Bange Froductus limestone can be fixed more accurately now than had hitherto 
been possible. The Productus shales of Kumaon and Garhwal are homotaxial with 

l Otology of tU. Cnti»l Bim»UjM, Hem. G«>1. Surrty of l»dl«. Mill. MM. p. 86. 
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the middle and uppor Product us limestone, and must consequently be considered 
as equivalents of the European Zeohstein, as has been demonstrated by Noetling. 1 

The fact that the Productus shales overlie the white carboniferous quartzite 
of the Niti district with unconformity, and that no equivalents of the grits and con- 
glomerates at the base of the permian calcareous sandstone of Spiti hare been noticed 
in the section of Kiunglung by Griesbach, seems to be of some importance. It might 
possibly prove that the deposit of beds has been interrupted for a longer time in the 
Niti area than in Spiti, and that no equivalents of the Amb beds are represented in the 
Productus shales of Kumaon and GarhwaL Further strati graphical observations 
arc, however, required to confirm this view. 

Our knowledge is much more scanty with regard to the lower series of the 
anthracolithic system in Spiti, which is situated below the great unconformity. 

According to Hayden, the total thickness of this series is not less than 6,000 feet 
in tho section above Lio on the Lipak river, where the sequence of beds is most 
complete. Two fossiliferous horizons only have been discovered in this mighty 
sequence. The examination of tho fossils collected by Hayden and Krafft, on which 
the stratigraphical conclusions of those two authors arc based, speak in favour of 
an upper carboniferous age. 

The upper horizon— Hayden's Fenestella beds— from which fossils have been 
collected in the sections of Po and of the Losar Nullah, has yielded the following 
fossils: 

Cephalopoda. 

Orthoetrat, sp. iod. 

Lamellibranchiata. 

Aviculopecteu sp. ind. aff. A. HemaUt, Sslt. 

„ „ „ aff. A. mcratentit, Waajr. 
Myalina ap. Lad. aff. M. reevrviroetrit, Meek et Worth. 
Potidonomya, »p. iod. 

• Brachiopoda. 

Product u» uudatui, Defr. 

„ icairiculut, Mart. 

„ „ nor. Tar. tpitumit. 

„ Nfttiauut var. lopingevri*, Keys. 
Camaropioria, nov. sp. (aff. acuminata, Gemm). 

' While full; accepting Noetilnfr'e eonchmons eoLceroing lb* correlation of lU Killing tnitt and Pradootui 
■hale* of tbe Hlioalnvae, I mutt refato the statement made by htm when critfriiing the view pm»ul; taboo by 
me in tbie matter. Noetling writte 0- e. p. 446) tbit «< Diener i* diepoeod to eoorider Ike Produetne ihaleo ae 
eqaiealentt of the entire permlai, ryetem,- and bequoUe my memoir (pt. 4 of tbe present volume, p. 53) as t proof of 
thl> statement. Bot to tbU I feel obliged to reply that no reference to a similar correlation will be found in 
that memoir. It U probably my attempt to avoid any direct correlation of the fauna of tbe Prodnotue ebalea 
with permoeerbooifefous and permian fannia of Europe and India wbioh gere ri»e to aoeh a misunderstanding. In 
reality I came to the conclusion tb.t pabeontolopml evidence did not appear somcient for any direct oorreUtion. 
which must be bated on etrstignphical evidence only, namely," on tbe stratiirrephieal connection of the Prodnetun 
•batet with tbe trianac, and on their unconformity to the oarbooifenrae. eerie*." 
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Btyotoa. 

Ftnettella §p. ind. aff. p Itbeia, M'Coy. 
Protorttepora ampla, Lonsd. 

Hayden had already recognised the strong affinities of the fauna of the Fenestella 
shales of Spiti to that of the Zewan or Barus bods of Kashmir. So far as the small 
number of fossils available for comparison permits a direct correlation, the 
homotaxis of the Zewin and Fenestella beds appears indeed to be the most plausible. 
The lithological character is the same in both rock groups. The faunistic element, 
which is by far the richest in individuals, namely the Bryoeoa, is represented by 
identical species, among which Protoretepora ampla is a very remarkable type, 
thus proving unmistakably the faunistic relationship with the Zewan beds. Of 
Brachiopoda three species — Productui undatu*, Prod, scabriculus and an undeter- 
mined species of Camaropkoria—atQ identical. The presence of Prod, nystiantu 
var. lopingensis also gives this fauna a decidedly upper carboniferous aspect. 

Tins list of species is a rather meagre one, but its value is greatly strengthened 
by the absence of any type which has hitherto been met with only in strata of lower 
carboniferous age. 

The lower of - the two foe&iliferons horizons in the anthracolithic series below the 
great unconformity is the grey flaggy limestone north-west of Muth (8a, Griesbach). 
It has yielded only the following species of Brachiopoda :— 

Produclut line at in, ffuj, 

„ sp. ind. (group of temirttieulati). 
Dtrbjia cf. tenitit, Phill. 
Spirigtra at Rojtsii, h&r. 
8pirif«r Curioni, nor. sp. 

„ sp. ind. aff., 5. Cartoui. 

„ cf. Strangvajti, Vern. 
Spiri/er (Ambocglia ?) 8 p. xxA.^.fwiformit, Phill. 
Martiniopti$ of. $ubpe*tago*alit, Waafj. 
JtAfneAonelia eonfinenti*, Schellw. 
„ cf. Wynnei, Waag. 

The fossils of this horizon are, unfortunately, scarce, generally ill preserved, and 
of a rather indifferent character. For a correlation with the anthracolithic faunte 
of other countries they afford but little evidence. My inference of the presence of 
fossiliferous strata of a lower carboniferous age in Spiti, which had been based on an 
identification of two Spiriferidte in Stoliczka's collection with Syringothyris cuspidata, 
has not been confirmed by my recent examination of the materials collected by Hay- 
den and A. v. Krafft. 

The results of this examination arc more in favour of an upper carboniferous age 
for the flaggy limestone of Muth. Spirifer cf. Strangvxtyti, Jfartinioptit cf. sub- 
pentagonals, Jthynchonella cf . IFynnei and Bk. confineimt point in this direction. It 
is chiefly tho latter species,— the only one, perhaps, to which a stratigmphical 
importance can be conceded, — which indicates a homotaxis with upper carboniferous 
strata. I regret to say that these indications are rather vague, but my materials did 
not admit of my conclusions being established with greater certainty. 
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Between the flaggy limestone (8a, Griesbach) and the white carboniferous 
quartette the following sequence of beds has been noticed in a section north-west of 
Muth by A v, Krafft (manuscript note) : — 



Flaggy limestone (8a, Griesbach). 

ft. in. 

11. Shales 10 ... 

10. Two rusty brown sandstone beds, calcareous, full of 

Crinoids and ill-preserved braohiopods . . . 2 ... 
». Grey calcareous sandstone with Spiriftr Ctrtoni, Dien. . 4 
8. Brown sandstone . . . 4 ... 

7. Brown sandstone with corals and orinoids ..18 
6. Brown sandstone with casts of binctuopods . . .34 

6. Grey quartzite 4 ... 

4. Thin band of shale 

3. Calcareous sandstone with shaly partings, full of brachio- 
podB, smooth, punctate shells, with dorsal and ventral 
valves soparated, belonging probably to Jmioealia or 

Martinia . 7 ... 

£. Brown, ferruginous qnartate . .. 2 4 
1. Ferruginous sandstone 9 ... 



White carboniferous quartzite. 

This group of beds is too poor in determinable fossils for me to say anything with 
regard to its faunistic features, although the presence of Spirifer Curzoni, which has 
likewise been noticed in the series of limestones and shales overlying the flaggy lime- 
stone of Muth (Hayden's sub-divisions b and c) is not adverse to the view that one 
single fauna prevails throughout the mighty series of rocks between the top of the 
white quartzite and the Fenestella beds. 

From the plant-bearing shales of Thabo nothing but undeterminable plant 
remains have been recorded. 

With regard to the correlation of the white quartzite wc arc perfectly in the dark. 
It is chiefly on the authority of Mr. Griesbach that it is considered as upper carboni- 
ferous. The possibility, however, that it is homotaxial to the mountain limestone 
of Europe, cannot be denied. 



VII.— SUMMARY. 

The main facts arrived at in the foregoing chapters may be briefly summarised as 
follows : — 

In the development of the permian system in the Himalayas two facies may be 
distinguished. These two facies differ remarkably both in their lithological and 
faunistic characters. 
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One of those facics, which is confined to a limited area north of the main sedi- 
mentary belt of the Central Himalayas, corresponds to the Tibetan series of A. v. 
Krafft (exotic blocks of Malla Johar, p. 145). 

The Tibetan scries is represented by the permian white and red limestone of 
Chitichun No. I and of a small number of exotic blocks in the neighbourhood of 
Malla Saugcha E. G-, discovered by Dr. A. v. Krafft in 1900. Faunistically one single 
horizon only — the topmost zone of the middle Productus limestone of the Salt 
Range— is probably represented in the fauna of those crags. A striking faunistic 
resemblance is found in the Productus limestone formation of the Salt Ran go. 
The faunistic relationship between the Tibetan fades of the permian system and the 
Productus limestone is indeed so great that wo are justified in supposing that the 
.two areas belonged to one single, uninterrupted aoo-geographical region during the 
permian epoch. 

In the main region of the Central Himalayas the permian system is very differ- 
ently developed. In all the better known sections of the anthracolithic series there is 
a marked unconformity at tho base of the pormian strata. In Kashmir the presence 
of permian beds is indicated by the small fauna collected by Lydekker in the dark 
micaceous shales in the summit of a ridge north-west of Prongam Tral. But 
stratigraphical evidence to establish the correlation of the Prongam Tral beds in 
Kashmir with the Kuling shales of Spiti is, unfortunately, still wanting. In Spiti 
the permian system is more richly developed than in the adjoining districts of the 
eastern parts of the Central Himalayas, where it dwindles down to a thickness of only 
250 feet in the Kiti area. 

In my memoir on the fossils of the Productus shales of Kumaon and Garhwal 
(Part 4 of the present volume) not more than 16 species— excluding such as were 
represented by mere fragments — could be enumerated as composing the permian 
fauna of that part of the Central Himalayas. To these, three more species from 
Kashmir and an equal number from tho Kuling shales of Spiti have been added 
in my memoir on the anthracolithic fossils of Kashmir and Spiti (Part 2 of the present 
volume). Now this number has been considerably increased by my recent examina- 
tion of the fossils described in the foregoing chapters. 

The following is a complete list of tho permian fossils of the Himalayan fades. 
Although I have not the slightest doubt that it is not exhaustive, and that future 
researches will probably swell the number considerably, it contains a suffidently 
large number of species to exhibit dearly its faunistic peculiarities. The fauna is 
composed of Cephalopoda, Pelecypoda, Gasteropoda and Brachiopoda, the latter 
class bdng in the overwhelming majority, whereas Corals and Bryoaoa are entirely 
wanting. 

It contains the following spedes :— 

Cephalopoda, 

' \. OrttOferat, sp. ind. 

I. JVWtfw {Oiypoctat), ip. lad. 
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3. Itnatpu cf. wbanaria, Witg. 

4. Cyehlobt* cf. Oldhami, Wna^, 
6. „ i*tig*u, Dien. 

8. „ (Krafloeerat) Kraffti, Dien. 
T. „ „ ITagdeni, Dien. 

8. SyaUocerat nor. ap. ex aff. J7. Ckimmimi, White. 

9. Adrian it ei (Hoffmann' a), gp. ind. 

10. OattriMtra* gp. ind. aff. Jfar»a*«», Vern. 

11. Pericyeliu, gp. ind. 

12. Lilintkieera*, nov. gen. gp. ind. 
18. Braiuocerat, gp. ind, 

14. IfomUmoctrat Smitiii, Dien. 



15. Jvieuhpeete* kiemali*, Salt. 

18. „ nor. gp. ind. 

17. Gomiomya «p. ind. aff. Kaiantmit, Geia. 
IB. nov. ep. ind. 

19. Zi«Afa gp. ind. aff. Hauinanni, Ooldf. 
80. ZtAi cf. tpelunearia, Grin. 

21. Oryioma latteotiatum, Nettch. 
24. Modioloptu Teplof, Vern. 

23. Soltmja el. biarmiea, Vern. 

24. Mytittu, gp. ind. 

25. Conoeardium gp. ind. aff. ticufo, Gemm. 
28. Myopkoriopi* (?) Kraffti, Dien. 

27. Megahdut, «p. ind. 

Gogferopoda. 

28. PleurotomarU cf. ptnjabica, Waag, 

29. Natieoptit, gp. ind. 

30. Bdleropkon cf. Ff>»7i"i, SUche. 

31. „ gp. ind. 

32. .p. ind. (aff. AW<«, de Kon.?). 

Brachiopoda. 

33. CioMto FwiJ.B, Salt. 
84. „ UuarettU, Dien. 
86. „ traaiitionis, Krotow. 

36. „ cf . nralica, Mull. 

37. grandieotta, Waag. 

38. Product** gaugeticut, Dien. 
89. „ ^ii'e*.', Wa»g. 

40. „ cf. urialit, Wang-. 

41. „ PurtUni, Dar. 

42. „ cf. cancrini, Vern. 

43. „ M«frt'«i/or«n'», Ttchern. 

44. Margini/era Umalayetit, Dien. 

45. luloHtgu cf. *-»«*, Netech. 
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46. Stropkomena analog*, Phill. 

47. Spirtfer rajah, Salt. 

43. „ gp. ind. afi . rajah, Salt . 
40. „ fateigtr, Keyierl. 
60. „ nitienut, Dien. 

51. „ bambadkurtntit, Dien. 

52. „ jokaretuit, Dien. 

53. „ Mareoni, Waag. 
64. „ Jfaraiw, Di*n. 

55. Dittefanii, Oemm. 

66. Mariittia cf. glabra, Mart. 

67. Spirigera cL protea var. alala, Abicb. 
58. „ Royitii, L&v. 

69. „ Gerardi, Di«n. 

60. Spirigertlfa derbyi, Waag. 

61. Streptcrkynekui cf. pectiniformit, D.iv. 

62. Dielaima La Touekei, Di«n. 

This fauna is composed of two classes of types. The first class is represented by 
autochthonous species which hare not been hitherto found in extia-Himalayan 
areas. It amounts to 81 species. This is the majority of species, if five of the 
specifically undetermined forms, the affinities of which are not known (Nos. 1, 27, 29, 
32 of the proocding list), are excluded from the total fauna. 

Tho second class, amounting to 26 species, which are identical with such as 
occur also in the younger pakeozoio strata of othor countries, is oomposod of two 
different groups, viz., Salt Rango types and European types. Seven species are 
absolutely, and six more probably, identical with species which have been described 
from the Productus limestone of the Salt Range by Waagen. With the permian 
rocks of Buropo (Russia, Germany, Eastern Alps, Sicily) the permian strata of the 
Himalayan faoies have 8 identical species in common, to whioh must be added 
7 more which are probably identical. 

The percentage of spcoies identical or probably identioal with 8alt Range forms 
is comparatively small, — 23*2 % only, whereas in the fauna of Chitiohun No. I this 
percentage amounts to 49 3 % of the total fauna. The affinities of the permian fauna 
of the Himalayan faoies to that of tho Tibetan faoies aro still loss distinctly marked, 
the species identical in both districts not exceeding 7. The species are— 

Xenatpil carbonaria, Waay;. 
Productut Abieki, Waag. 

„ canerin\formh, Taeheru. 
Spiri/er fateigtr, Kojeer]. 
Harfimia of. glabra, Mart. 
Spirigera Hoyuii, lAv. 
8pirigirtlla derbyi, Wa*#. 

In both districts either the one or the other of those species is very 

The overwhelming majority of the chief leading fossils of the permian system 
in the Himalayan facies are autochthonous species, none of which has been hitherto 
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found outside the Himalayas, The most important and widely distributed among 
those species are the following 

CUnttei Fuhnu, Salt. 

„ liuartntit, Dion. 
Margini/era kimalayenit, Di*n. 
Bp irifer rajah, Salt. 

„ uitieuait, Dien. 
Sjiirigtra Gtrardi, Diet). 
Lieluma La Touch**, Dieu. 

Lithologically there is also a very strongly marked difference between tho 
Himalayan and Tibetan facies, tho permian system being represented in the Hima- 
layan scries by dark shales and calcareous sandstones, whereas the exotic blocks of 
permian age in the Tibetan facies are composed of white and red, massive limestones. 

The great unconformity, which has boon described by Griosbach, Hayden 
and Krafft within the anthraoolithio rooks of the sedimentary belt of the Central 
Himalayas, is younger than the Fonestella shales of 8piti, which most probably corre- 
spond in rise to the upper carboniferous Zewan or Bams beds of Kashmir. Thus 
recent evidence lias confirmed ray suggestion that this unconformity might bo 
represented in Central Asia by Bogdanowitsch's " Tibetan transgression." 
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Sot* nn Hpirifw Curaoni, Vitwr. By II. R. Hayden, Geotofical Surrey of India. 

The specimens described by Professor Diener in the foregoing memoir under the name of 
Spirtftr Curtoni, n. sp., were collected by the late Dr. von Kraft and by me at two localities near 
Muth in Spiti. At each locality they were found in a limestone series which overlies the Mnth 
quartzite and which was regarded by Mr. Griesbach as of upper carboniferous agre. Two frag- 
mentary specimens of apparently the same species were obtained many years ago by Stoliczka from 
a limestone near Ruling, and were identified by Professor Diener (Pal. Ind., ser. XV, rol. Ill, pt. 2), 
on the evidence of external characters only, with Syr Ugotkgrit eutpidsta, Mart, but have now been 
referred by him to his new species. 

Four reasons have been assigned by Professor Diener for the removal of the species from 
SfringotkjTU entpidaia, Mart. ; they are — 

(1) the absence of the internal structure characteristic of that genus ; 

(2) the imperforate character of the shell ; 

(3) the existence of acutely terminated wings ; 

(4) the presence of concentric lamina) intersecting the radial sculpture. 

(1) Owing to the small number of specimens among our collections from Mnth, Pmfessor 
Diener was unwilling to sacrifice more than three in order to ascertain the nature of their internal 
structure, and in the sections prepared from them he was unable to trace the septa and tubular 
process characteristic of Syringothyrit ; he therefore inferred that the species must belong to the 
germs Spirifer. Of these three, two have been returned with bis type-specimens, and a careful 
examination shows that they were both, unfortunately, broken and imperfect shells, in one case the 
part where the transverse plate and tabular process should be found, has been broken away, and in the 
other case the interior of the ventral valve is occupied by a small RkyckonrlU. 

During a recent visit to Spiti I was able to make larger collections from the original localities 
near Muth, und also from Knling and from the bills between the Lipak and Yulang rivers in Kanaur, 
where the same \m\e* tones are well exposed. It was thus possible to make a large number of sections 
in order to ascertain definitely the internal characters of the species, and these sections showed, 
utmost without exception, the dental septa, transverse plate and tubular process of SprinpotkfrH. 
Owing to the apparent identity of the latter specimens witii those described by Prof est or Diener in 
the foregoing memoir, I made sections of two specimens taken from amongst his named duplicates of 
Sptrifer Cursoni, and found in each case the typical internal characters of SfTintiolttyrti 
Subsequent correspondence with him on the subject has led to the publication, with his consent, of 
the present note, as an appendix to his memoir. 

Plate X, figs. 1 and t, are reproductions of photographs of the sections cut from Professor Diener's 
duplicates of Spirifer Curtoni ; figs. 3 and 4 represent sections of specimens from the limestones of the 
Lipak river in Kanaur. 

(2) The second reason assigned by Professor Diener for referring his specimens to the genus Spiri- 
fer was the absence of perforations in the shell. 

After much controversy, the punctate character of SyrinfClkyrii was finally established by Meek 
and King about the middle of the last century. It wss found by them that a notable feature of this 
perforation was its extreme irregularity, many fragments of an undoubtedly punctate shell showing 
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no trace of perforations. A careful e lamination of a large number of flake* taken from the shells of 
Professor Diener's specimens and of others subsequently collected by me, baa proved that in the 
Himalayan forma this " patchy" distribution of the perforation* is equally pronounced ; but that the 
■hell* are punctate will be seen from figures 5— 8, pi. X. Figure 5 is a photograph of a flake taken from 
the surface of the ▼antral valve of Professor Diener's type-specimen of Spiri/er Curttmi, while figs, 
and t show the perforate character of the shell of two specimens from near Lio, in Kananr. Figure 8 
is a photo-micrograph of the shell of the spec ixnen represented in fig. 8 ; the degree of magnification 
being the same in each of the figures 5 to 8, it will be notioed that the perforations represented in 
fig. 8 are much larger than those of the other specimens, but there are indications of a similar series 
of larger tubes in the specimen shown in fig. 7, at that part of the flake where the fibres have been broken 
at right angles to their longer axes, and the perforations appear as long cylinders instead of as dots. 
In all the specimens the shell is made up of long, thin prisma, pierced, more or less at right angles to 
their longer axes, by the perforations. 

(3) The third feature to which Professor Diener draws attention is the existence of wings in some 
of bis specimens. He writes : " Specimens with sub-elliptical outlines are rare. In the majority 
of my examples the lateral margins form a convex curve to within a short distance from the cardinal 
angles, where they are prolonged with acute terminations." Unfortunately, the material sent to 
Professor Diener, as well as that subsequently collected by me, very rarely affords specimens having- 
this part of the shell uninjured ; in most cases the terminations arc broken off, but I have, nevertheless, 
been able to find a few specimens sufficiently well preserved to show that the angle between the 
lateral margin and the hinge-line is exceedingly variable. Acute wings certainly occur in several 
instances, but other specimens show perfectly rounded terminations, and others, again, occupy positions 
intermediate between these two extremes. Since we have thus a series of specimens, obtained from 
the same bed and apparently corresponding with one another in all other respects, it is reasonable to 
refer them all to the same species and to regard this character as a mere variation of no specific 
importance. Were we, indeed, to attempt to employ the terminal angle as a means of specific distinc- 
tion, we should be compelled to create a new species for almost every individual specimen of this 
genus to be found among oar Himalayan collections. Nor could such a course be justified in the 
case of one particular genus, of the Spirtfcrida, when, in so many others, no importance is attached to 
the variability of this feature. 

Exactly similar variation was notioed by the late Dr. Bittner in the case of Spiriftrina Stratkcyi, 
Salter, 1 and a glance at pi. IV, figs. 8—14, of his memoir will readily exemplify the great range 
<of variation of the terminations of the hinge-line in that species. Further examples can be found in 
many other species of Spiriferida, a striking one being furnished by the two dorsal valves of Spiri/'er 
metottrialit, Hall, figured on pi. XXXVII, figs. 4, 6, oE the '« Natural History of New York," ' 
while a less pronounced example may be found in the specimens of Spirifer LydeUeri, Diener, figured 
on pi III of Professor Diener's " Anthracolithic fossils of Kashmir and Spiti." » 

(4) The last peculiarity mentioned by Professor Diener is the occurrence of "concentric lamiru. 
intersecting the radial sculpture." He states that this is observable in some specimens, but not in 
ethers. 

An examination of Martin's figures of Anemia eutpidata shows that this feature existed in the 
original specimen employed as the type of the species ; in his diagnosis, too, he distinctly states that the 
ribs are "crossed by a few slight concentric wrinkles, marking, apparently, the growth of the shell." 4 

Subsequently the same feature was notioed by Davidson, who, in his diagnosis of Spirt ft ra 
eutpidata, Hart., 1 mentions "numerous concentric lines of growth;" dc Koninck aleo draws attention 
to the " fines el rices ondulees d'aceroissemcnt."' The presence of " concentric lamitue " oannot there- 
fore be employed as a means of distinction from Syringoihyrii eutpidata, Mart. 

1 Pal. lad., ser. XV, vol. Ill, pt. 2, pp. 18, 19. 

■ Paleontology, vol. Till, BracbiopoR II. 

» Pal lad., -i. XV, vol. I, pt. 2, pi. IV, figi. 8. S, 7, S. 9, 11. 

* Trans, tiaotan 8o«I»t j, vol. IV, 1798, p. 45, and tab. 8. fi gP . 1— i, Uh. 4, fig*. 5, 6. 
'DkfldMHi! FWil Brschiopoda. vol. IV, p. 44. 

• IWiptioa d« Anio.ax fow.l... ItUi-l^ p. 2*1 
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It seem* to me, therefore, that no sufficient cause has been shown for removing the Himalayan 
species described by Professor Diener as Spiri/er Cnr:o»i, n. sp., from Syringotkyrii ev*pidat; Mart., 
to which it bean so close a resemblance. 1 

Owing to the small number and poor state of praservation of the fossils sent to Professor Diener, 
he was doubtfal as to the age of the limestone in which the above species of Syrinjotkyrit occurs. 
In his memoir on the " Anthracolithic fossils of Kashmir and Spiti," 1 he drew attention to the specimen 
described by him as Syriagotkyrit euipidtla, Mart., from Ruling, and correctly inferred that the bed 
in which it occurred was of lower carboniferous age ; at the same time be suggested that 
this bed might be the equivalent of Gricsbach's " lower carboniferous grey crinoid linuttone' ' 
During my survey of Spiti, however, I ascertained that these two horizons were not identical, but 
that one lay above, and the other below, the *f uth quartzite j and since Stoliczka's specimen was 
too poorly preserved and too fragmentary to admit of definite specific identification, it seemed that there 
were not sufficient grounds for removing this limestone series from the upper carboniferous system, 
in which it mwl been placed by Oricsbach. 1 Subsequent examination, however, of ray more recent 
collections frem the Lipak river sections has proved that Professor Diener was undoubtedly correct 
in his original assumption of a lower carboniferous age for the limestone, which has been found to 
contain, in addition to Synngotiyrit, Hetcdui crenmlalm, Newberry and Worthen, a trilobite closely 
resembling Pkilli/ui* Clifford, Woodward, and other lower carboniferous forms, while a bed consi- 
derably higher in the series yielded a species of Euompkalnt indistinguishable from E. ktealt, Hall, 
from the devonian of New York. Still more recently, I have been informed by Professor Zeiller 
that certain plants, which were found in a band of shale, situated at least 1,000 feet above the 
Syringotkyrii horizon, include many specimens of Rkacopttrii inaquilattra, Feistmantel, a species 
found in the Culm of New South Wales. There is consequently little doubt that the limestone is 
not younger than lower carboniferous. 4 

In the present memoir Professor Diener has not assigned any definite age to the limestone of 
Muth, though, on account of the presence of Rkynekonella amjineuit, Sebellwien, and other species 
related to upper carboniferous forms, he was inclined to regard it as younger than he had previously 
supposed. 8 in oe, however, I have been able to show him photographs of the sections of bis Spiri/er 
Cunoni, he now agrees with me in referring that species to the genus Syringetkyri; and has stated 
in a letter, of which he has kindly allowed me to make use in the present note, that should the 
halauce of evidence be in favour of a lower carboniferous age for the limestone, no great weight should 
be attached to the presence of Rkyuekenella eoufimtntii, which has hitherto been found in one locality 
only and may therefore subsequently prove to have a wider range than it is at present known to 

1 Prof root Dints, to whom tbs ibove acten hsre been submitted for comment, Inform* rot that the Uu Dr. 
BHtasr, in spite of Bb insistence on the wide nogs of variation U> be found in tbs shape ef the wing* of tingle species 
of Spinftrii; urged him to eeparsto the forms now under discussion from Syringotiyrit eiupUata, Mart., on 
»cMBnt of tte prweaoe of acute wings and concentric laminae in tbs Indian specimens. Professor Diener would therefore 
prefer to retain his specific name of Syriaytkyrit Cunoni for Dions forms with scuts terminations sad with pronounced 
oonceotrie lines of growth, the remaining forms, In which these ebanwtrristics are less marked, being allowed to 
.und with S. tuspidata. Mart. 8hould this classification be 6n«lly adopted, it U probable tbat some difficulty will fce 
eiporienccd in dealing with intermedials forms, but this question must remain in abeyance till the Spiti colleetione 
bave been oompletely worked out and deeeribed. 

* Pal. Iud., ser. XV, vol. I, pt 8. 

• Annual Report, G. 8. 1., 1899- 1W0, p. 188. 

•This question has t*eo mors tolly discussed in a memoir on tie geology «f Spiti at present in process of pnbi*atien. 
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PLATE III. 

PaaifiAW fossils raox tkb exotic block No. 9 a tub hbiqhboorhojd of Milla Saxocba, E.G. 

(Coll. A. v. Kraflt.) 

Pig. 1 ; 2 a, 4. Lima. up. ind. aff. rbtifbba, Shumard. 1, right valve, «, left valve. 

Fig. 3 a, i. Naticopsis kiiurrxsis, Waag. 

Fig. 4 a, b. Billerofuos sp. ind. aff. polito, Waag. 

Fig. 5 a— d. Pleobotouaru (Mourlohia) nusiCA, nov. ap. Id, sculpture of the Uat volution 
enlarged. 

Fig. 8 a— d; 1 a, b. Orthothbteb Kbaffti, nov. «p. 

Fig. 8 a, b. Pbodocuis chiticbuxexbis, Dien. Ventral valve with ita trail partly preaerved. 
Fig. 9 a — d. Marginifera hvlica, Abich. 
Fig. 10 a, b. Scaoo&inblla (?), sp. ind. 

Fig. 11. Sfirifbriiu cf octopiioata var. fasnoata, Schellwien. 

Fig. 12 a— d. Ruyxoqokella sp. ind. ex aft. Rh. Hofmaxxi, Krotow. 

Fig. 13 a—d, NotOTHTRta his'ota, Waag. 

Fig. 14 a—d. Nototuyris iiiditirrai«ba, Gemm. 

Fig. 16 a—d. NoTOTitvRts cf. Walkbbi, Dion. 

Fig. 16 a — d. NoTomYBH ovams, Gemm. * 
Fig. 17 a—c. Prodootcs PLANO-H.BiitSFB.eRiinf, Netechajew. Ventral valve. 
Fig. 18 a, b. Spiriqkbii.La Drrbyi, Waag. 
Fig. 19 a — d. Extrietes kleqans, Gemm. 

Fig. 20. Rbticularta (Sqcamulabia) cf. Dirnbri, Gemm. Ventral valve with the 
appcrmost layer of the shelly substance partly preaerved. 

Fig. 21 a, b. SrtRirtR sp. ind. ex aff 8. Marooui, Waag. 

Fig. 23 a—d. Mabtihia acutomarqi kalis, Diener (= M. sbmiramu, Gemm ). 

Fig. 23 a—c. Prodi orus gbatiosvs, Waag. Exceptional shape, with unusually deep sinus. 

Fig. 24 a, 4. HtMimcuiNA cf. inflata, Waag. 

Fig 25. PoTEBiocRiNca (?), sp. ind. 
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PLATE IV. 

PftODUcrcs Bii.ii.ga of tub Lima> Vali.it (Job as). 
(Coll. I* Touche.) 



Fig. 1. Naticopms, gp. hid. Near cr&st of ridge between Lusar and Dkunaa Valleys, 
opposite Kharsa glacier. 

Fig. 2 a, i. Bblubofhok, *p» ind. Slope* on left bank of Liner Valley, % milee sooth of 
Dhanna XL 

Fig. S— 6. Spisifbe kajah, Belter. Exceptional shapes of ventral valves. 3 and 4, from 
slope* on left bank of lesser Valley ; 5, near crest of ridge between Lkaar and 
Dhanna Valleys, opposite Khars* glacier. 

Fig. « «, 4 ; 7 a, 6. SriEtrn xrraxsu, Diener. Slope* on left bank of Lunar Valley, 2 miles 
south of Dhanna XI. 

Fig. 8—10. Sramx bahsashtbsksu, nov. sp. Right side of BamWlhnxa N. glacier near 
crossing. 8, Ventral valve, 9, Fragment of two valve*. 10, Dorsal valve. 
a, Ventral view, b, Dowal vie 
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PLATE V. 

Pbmiiax fosbilh frox tui PtODDCTt-a bhalss or tii Libsab Vallit (Coll. La Touch*) AND 

or Btaxb (Coll. Smith). 

Fig. 1—3. Plburoioxabia cf. ftojabioa, Wi*g. Slopes on left bank of Liaaar Valley, 

2 miles Bouth of Dharma XI. 
Pig. 4 a, b. Chosbtm cf. uralici, Moeller. Crest between Linear and Dharma Valleys, 

opposite Kkansa glacier. 

Fig. & *,t; 6 a, 6. Maroixifkba htmalaybxbib, Dien. Two exceptional ehapea of ventral 
valves with strong ribe. 

Pig. 7 a—d\ 8 a— o; 9. Dirlasxa La Toochbi, nov. sp. 

Pig. 10, 11 . SmiGBBA Gbbardi, Dien. 

Pig. 12. SriRtrsa josumnsis, Dien. All thaw apecimena (figa. 5—12) from alcrpea on left 

bank of Luaar Valley, 2 miles south of Dharma XI. 
Pig. IS «— c. Lida of. spbiuncaRia, Geiuitx. Nihal. 

Pig. 14— 17. Choitetbs TRASsmoiriB, Krotow. KatapanL 14, 15, Ventral valvea. 16, Dona 1 

val ve. 1 7, Croaa-eection of two valves. 
Pig. 18 a, b. Lixbba ap. ex aff. L. Hausxamxi, Ooldf., Kakpani. 
Fig. 19. Goniouta, ap. ind. KaU]M)i. 
Pig. £0 a— e. Hyattocxrab sp. ind, ex aff. Commissi, White. 
Fig. 21 a, ». PiRiCYCLoa, ap. ind. 
Fig. 22 a, i. Lilihthiotbab, nov. gen. sp. ind. 
Fig. 28 a—c. Gabtriocbrab, sp. ind. ex aff. G. Mariahvm, Vernetul. 
Fig. 24 a, 6. Brascocrrab (?), ap. ind. 
Pig. 25 a — e. Nomibhocbrab Smithii, nov. sp. 

Fig. 26 a— «. Aobmhitbb (Hoffmakhta), ap. ind. All thaw apocimrae (fig*. 20—26), 1 mile 

north-west of Lilinthi, considerably enlarged 
Fig. 27. Marqisifbra hiiialaujuib, Dien. Internal view of the dorsal valve, Kalapani. 
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PLATE Til. 



Carbojcifkrocs roasiu from tai lowbr division of thb axthreoolitiiio ststrx a Sun. 

(Coll. Krafft ud Hayden.) 

Fig. 1 a— «. Productus ldceatob, Wug. North-wost of Math, flaggy limestone (8«, 

Griesbach) (coll. Krafft). 
Fig. 2 a—t. SriRtrin Cobzoxi, nov. sp. Ventral valve. 
Fig. 3 a, 6 ; 4. Sfirifbr Cubzohi, nov. «p. Dorsal valve. 

Fig. 6 a, b ; «. Sfiumr Cobzosi, nov. sp. Cross-seetioos through the apical region of two 
ventral valves, showing the denial plutee i»ud the absence of the tubiform 
process of Syringoliyrii. 

Fig. ?. Spirifxr sp. ind. ex aff. S. Cvrzoni. All these si«ciiaeiis from the flaggy 

limestone (8 a, Griesbach), west of Math (oolL Hayden and Krafft). 

fig. 8 a, b. Spirits* cf. Steanqwatsi, Veraeuil. Flaggy limestone (8a, Griesbach), south- 
east of Math (ooll. Hayden and Krafft). 

Fig. 9 a, b. RHWOHosiLti cokfwbxeis, 8chellwien. Flaggy limestone (8a, Griesbach), 
north-west of Math (coU. Krafft). 

Fig. 10 a—d. Rhincboxella cf. Wtkhbi, Waag. From the same locality (ooll. Krafft) . 

Fig. 11 a, i. MiaTtKiorsis of. subfbhtaookaus, Waag. 

Fig. 12 a—d, Amboccelia (?) aff. fusiform, Phill. These two specimens from the foggy 

limestone (8a, Griesbach), south-east of Math (coll. Krafft). 
Fig. IS a—d, Dbrbtia cf. senilis, Phill. 

Fig. 14 a — d. SraiQBRA cf. Rotssil, Lev. These two specimens from the flaggy limestone 
(8a, Griesbach), north-west of Muth (eoll. flayden and Krafft). 

Fig. 15; 16 a, J; 17 o, b. Prodoctos scabricclur, Mart. Fenestnlla beds, Losar Nullah 

(eoll. Krafft and Hayden). 
Fig. 18 j 19 a, b ; 20. Prodtctps bttstiasus tit. lopihobjjsib, Keyser. Fenestella beds, Po 

(coll. Hayden and Krafft). iO, Specimen with the mpreasions of 

preserved. 

Fig. 21 a— d. Cajcahophoria sp. ind. (aff. C. acuxisata, Gemm.? ). Losar Nullah, Fenes- 
tella beds (coll Hayden and Krafft). 
Fig. 22. ATicrLoracflN sp. ind. aff. ribvali, Salt. 

Fig. 23. Mtaliva sp. ind. ez aff. bicurvirostri, Meek et Worth. These two speci- 

mens from the Fenestella beds of the Losar Nullah (ooll Hayden and 
Krafft). 
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PLATE VIII. 

Peru um routu or tu Kcliho miia or 6pm. 
(Coll. Hayden and Krafft.) 



Fig. 1 a — t. Nautili's; (Gryfockas), sp. ind. Kulmg shales, north of Po (coll. Krafft). 
Fig. 2 a, b. Osthoceias, sp. ind. Kuling shales, north-west of Math (coll. Krafft). 
Fig. 3 a, b. AviculofbctM, sp. ind. Sandstones wideriyiog Kuling shales, north of P» 

(coll. Hayden). 

Fig. 4 t, b. Mytilus, sp. ind. Kuling shales, Lilang (coll. Krafft). 
Fig. 5 «, 4. CoxocA*Dnm, sp. ind. aff. sicclo, Gemm. Kuling shales, wrath of 
Pomarang (oolL Krafft). 

Fig. 6 a, 4. Modiolopsis TrJLori, Verneuil. Kuling abides, south of Pomarang (coll. 
Krafft). 

Fig. 7d, *}8. Solihya mamci, Verneuil. 7, Cast ofleft vulve. 8, Cast of left valve 
with partly preserved shell. Kuling shale*, south of Pomarang (coll. 



Fig. 9 a— e. Mtophoriopis (?) Kjurm, nov. sp, Kuling shales, nullah 
Gaichund (coll. Krafft). 

Fig. 10 a, J. Oeytoha l*vioo*tatuic, Netsoh. Sandstone underlying Kuling shalea, 
north of Po (coll. Hay den). 

Fig. 11. Goxiomya sp. ind. (aff. Kabaxessis, Geio). Kuling shales, Kuling (coll. 

Hayden and Krafft). 

Fig. W. Mmalodos, sp. ind. Kuling shales, Kuling (colL Hayden and Krafft). 

Fig. 13 e ; 14. AtriASTBQis cf. oioaj, Netach. 13, Ventral valve. 14, Dorsal valve. Sand- 
stone underlying Kuling shales, north of Po (coll. Hayden and Krafft). 

Fig. 15 a, b; 16. Bbllerofuon cf. Vioilh, Stache. Kuling ehalos, s^uth of Pomaransr (colL 
Krafft). 

Fig. 17 a—c. Bkllerofhoh vioilii, Stacho. Type-specimen (cast) from the permiaa Bel- 
lerophon Kalk of St. Vigil (Tirol). 

Fig. 18 a, b. Emtalh, sp. ind. Knling shales, south of Pomarang (coll. Krafft) 
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PLATE IX. 



Phmiah Bracbiopoda or tbi KriiJta series or Srm. 
(Coll. Kfafft and Hayden.) 

Fig. 1 a—d. Spiripbr Marcoui, Vaag. 8andstono underlying Ruling shalea, north of Po 

(coll. Iiayden and Krafft). 
Fig. 2 0, b; S a—d. Spieiprb. Distrpanii, Gemm. North of Po. 

Fig. 4 a — d. Spiriprr DisfETAXn, Gram. Exceptional shape. Half-way between Po and 

Mani, left bank of Spiri Biver above Dank bar. 
Fig. 6 a—d. Srationu. cf. frotea var. alata, Abicb. Black Ruling tbalea, north-west of 

Mutb. 

Fig. 6. Spibickh Geraiidi, Dien. Dorsal valve with expansions, north above Po. 

Fig. 7. Spimgira Gkrardi, Diem. Internal cart of ventral valve from Larue E.G., 
Thaaam Valley. 

Fig. 8 a, b. Stmptobhtkchts cf. ncnHrroame, Dav. Fragment of a ventral valve, north of 
Po. All specimens, with the exception of fig. 5, from tbe sandstones under- 
lying the black Ealing tbales. 



PLATE X 



Spiftin Cuezohi, Diensr. 

Fig 1, t. Photographs, by reflactod light, of sections of two of Professor Diener'g named duplicates 
of his 8pir\fer Curious, n. sp., showing the dental plates, transverse plate and tubular 
process, characteristic of Sfrin^ttfiyrn ; F[*rimens from near Muth, Spiti. 

Fig. 8, 4. Photographs, by transmitted light, of sections of two specimens of 8yri*§otkyrit cf. 

etupidaia, Mart, showing dental plates, transverse plate and tubular process ; from the 
carboniferous limestone of the Lipak river, Kanaur. 

Fig. 6. Photomicrograph of fragment of shell of Professer Diener's type- specimen of Spiri/er 
Cursoni, n. sp. (figured on l'l. VII, fig. 2), showing punctate character of the shell 
(xSO.) 

Fig. 6, 7. Photomicrographs of fragments of shell of specimens of Sjringoikyri* cf. etupidaia, 
Mart , from the limestone of the Lipak river, showing punctate character of shell 
(x20.) 

Fig. 8. Photomicrograph of part of shell of specimen represented in fig. 3. The section, which is 
cut at right angles to the surface of the shell, shows tubular perforations running 
through the shell, and occasionally dichotomising ( x 80). 
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(Sims I, HI, V. VI, VIII.) 
CBKTACEOU8 FAUNA OF SOUTH RBN INDIA, Ayr F. 8TOLICZK A, MMpf Vol. I, V(.l,ijr B. 

8cr. I A HI -VoL. I. Tb. C.phatoiwl. (1861-86).pp.916, ph. 94 (6 do«bh). 

- II. Tb« Gartropoda (1887-88), pp. liii, »n0, pi.. 18. 

III. Tb. P.lM.poda (1870-71), pp. nil, 637. ph. ML 

I V. Tb. Br.cbU.po4m Cifopoda, £cbliiod.ra>ata, Corah, etc. (1878-79), pp. T. KM, pin 19. 



(Sniu II. XI. III.) 

THB FOBSIL FI-ORA. OF THE GONDtt'ANA SYSTEM, *» O. FRI8TMANTEL, uttft To*. I. Pi. 1, A, 

T. OLDHAM a*4 J. MORRIS. 

I, pp. xtiii, <3>, ph. ft. 1688—79. Ft. 1; RnjinaM] Gmirp. Rajmabil Hilh. Pt. Ij Tit tmrnt 
Ft. 1 ; Plant, frolri Gohpilli. Pt. 4 ; Oatlwr* on tb. Madra. CoarL 
II, pp. ill. lift. pU. 26. 1876—78. Pt. 1 ; inrnM.c Flora of Kmob. Pt. 3 j Plot, of tb* "abalpar Growl 

III, r^-j,64»149.ph.80<9don»l»MI— XXX I * 1A-XLVIIA). 1879-81. Ft. 1 i Tbe flora of tb. 1 

brdl. Pt. 1 { Tb. flora of thr ll.mwl. .nd IWt.fl Di.i.ioM. PL 8 | TU tarn, (coaWadW). 

IV. pp. x-yL 25r«6. pi.. 85 (8 dci>We) (1-XXVr IA— XIVA). Pt. 1 (IB82V| Foaail Flora of tb* f 

Qond-ao. b.iin. Ft. S (1888) ; Fell Flor. of a... of tbe Coal-lcM. ia 1 



HI.) 

JURASSIC FAUNA OF BACH. 
Vov I (1878—78). Tb. Cpb.l-.pmU, by W. Wjioiic. pp. I. 247, pi.. 60 (fl dasbfe), 
n II, pt. 1 (1898). Tlx Kcl.inokleaof K«-b, by J- W. Geioobt. pp II, pi.. 8. 
„ ,. „ 2 (1900). The- Cr»l.. bjr J. W. GnxooaT. pp. 18C. I-IX, pl». 88. 
„ III „ 1 (1000). TUcBi»cbi<.p«d», by F. I~ Ki*o-nr, pp. 87, pH. 1—15. 

„ „ „ 8, No. 1 (190i). jWubiwhjaU, 0-»rj» Tfigoola, bj f. L. BiteUs, pp. 112, ph. 1-10. 

(8mM IV.) 
INDIAN PRE TKKTIAUY V&RT8BRATA. 

VOL. I, pp. ft, 187, ph. 88. 1885—88. Ft. 1(1888); The Vertebrate Fatall. from tb« Paneb.t raeH.br T. B. BtniST. 

IH. I (18*8) j Tli< Vertebrate Fn.ll. of tli. Kata.Malerl Group, by Stk P. na M. OiaT Bsnroir and 
L. C. Mlau. Pt. 8 (1B78) s Rrptilia and Batrarbie, hy R. I.TSHria. Pt. 4 (1888); Th» Labyriothod-nt 
from tb. Bijoh Group, by It. Ltduxxx. Ft 6 (1868) , Tb. BvptllU ted Aapbtbh of to. U.l.ri and 
U.-n..» group., by H. Ltbiixxb. 



(Suiia x.) 

INDIAN TERTIARY AND POST-TBRTIABT VKRTKBBATA, by R. LVDEKKER. «M-f VOL. I. Pt. 1. i. 

B. B. FOOTS. 

Vol. I, pp. ui, 800, pU. GO. 1874—80. Pi. 1 ; Rbinoorro* deceaormi.. PL 9; Mohr tiribiodotb.rrem.ia. of M.m- 
ronlii. Pt. 9| Crania of Runrinaate. Pt, 4; BappknMat to Pt. 8. PL 8; Siwilik and rl»rUila 

Proboacidia. 

„ II, pp. iv. 3S3, ph. 46. 1881—84. PL 1 i ttwalik KVinorrrritM-j. Ft. 8: Supplement to Slwalii arxi N.rbada Pro- 
boacidia. Ft. 8 i Sirtalik and Narbada Kquidai. PL 4 ; Siwahk CanulopardaliaW. PL 6 1 Siwalik Belroodoot 
Bnina. rt.. It. 6 ; Kiwalik and Narbada Crnivora. 

. Ill, pp. xrr», 284, pi.. 38. 1884— 86. PL 1 : Additional SiwaKk PrriwodartTln ami Pr<<t*»<!idi». Pt. 1 1 Biwalik and 
Nubad. Uunodont Suina. Pt. 8 : Rod.aU and nta HuminanU from tb. Siwalik.. Pt. 4 1 Biwalik Htrda. 
Ft. 6 ; Mutodoii T«th from Pcrim l.land. PL 8 ( Siwalik ud Narbada CfcrkmW. Pt. 7 ; Siwalik Crorodllla, 
l^ecrtnia nnd Ophidia. IH. 8 j Tertiary Flsboa. 

„ IV, pL 1, 1888. Stwallk Alanmialia (Snpptrm-ut 1), pp. 18, ph. 6. 

„ „ „ 8, 1886. Th» larma of th» Kama) carta (and addendum to Pt. ])i pp. 40 (19— 68), ph. 6 (ril— liL 
fc ., - 8, 1887. Bocan. CboUmi* from tb. Salt Bang, j pp. 7 (5»-«5), pla. 8 (.U-aiii). 

(Saaitt Xlll.) 

SA1.T.RAKOR FOSSILS, Sy WILLIAM W A AO EN, Ph.D. 
Prodcclin-l.i[iintao.Oroiip: Vol. I, PL 1 (1879). Pit* Crphalopoda, pp. 72, ph. 6. 

p 2 (1880). Oaitrepnda a»d 8«ppl.nrnt to Pt, 1, pp.111 (78— 188). ph. 10(1 douM»). 

(»R— xrl). 

,. „ „ ,,3(1891). PrlMypoda, pp. 144 (186-948). ph. 8 (xrii— ««it). 

" "J(loS|"Br^ 

Vcri). 

„ ,,6(188*). C«4.BI«ata,pp. 00 (88S— 924), ph . 2(l(ic»iV— tirl). 

„ 7 (1887). C«lrBt»rala, Frotoaoa, pp. 74(985—998), ph. 12 (cxrii— <xxriii). 
... F«rm«llo»i Vol. II, Pl 1 (IBM). Plaeea— Ammoiwidea, pp. 324, ph. 40. 
I i Vol. IV, Ft. 1 (1889), pp. 1—88, ph. 4. 
„ „ 1 (1891), pp. 89— 242, pla. 8. 
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TERT1ABT AND UPPER CBCTACEOCH FAUNA OF WESTBRN INDIA, 8» p. MABTTN DUNCAN «ad 
W. PERCY SLA DEN, .mpf l"r 1, if t. 8TOUCZKA. 
Vol. l ) pp.)8rn0+882491-69», ph. 6 + 28 + 58 ♦ 13-104. 1871—86. Pt. 1 1 Trrtianr Crab, from Siad and Kacb. 

Ft. l(n»B-!)i Sind K<«>il Corah and Alrionaria. It. 3 ; Tb. Foaail Ecbinoidea of Eiod i fat. 1. Tb. 
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